ED 316 444 



SE 051 290 



TITLE 

INSTITUTION 

REPORT NO 
PUB DATE 
NOTE 

AVAILABLE FROM 



PUB TYPE 



Science & Engineering Indicators— 1989. 

National Science Foundation, Washington, D.C. 

National Science Board. 

NSB-89-1 

89 

455p. 

Superintendent of Documents, 
Office, Washington, DC 20402 
Number— 038-000-00583-9) . 
Statistical Data (110) 



U.S. Government Printing 
(Stock 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



MF01/PC19 Plus Postage. 

Attitudes; Educational Needs; ^Educational Trends; 
Elementary Secondary Education; *Engineering; 
Engineering Education; *Higher Education; 
International Trade; Labor Force; Mathematics 
Education; *Research and Development; Science 
Education; Sciences; Scientific Literacy; 
*Statistical Data; *Technology 
''Science Indicators 



ABSTRACT 

This volume is the ninth in the biennial "Science 
indicators" series initiated by the National Science Board. The 
series provides a broad base of quantitative information about the 
structure and function of United States science and technology and 
comparisons with other advanced industrial countries. An overview of 
science and technology for the Uni States of America is provided. 
Chapters included are: (1) "Precolxege Science and Mathematics 
Education"; (2) "Higher Education for Science and Engineering"; (3) 
"Science and Engineering Workforce"; (4) "Financial Resources for 
Research and Devslopment"; (5) "Academic Research and Development: 
Support, Personal, Outputs"; (6) "Industrial R&D and Technology"; 
(7) "The Global Markets for U.S. Technology"; and (8) "Public Science 
Literacy and Attitudes Toward Science and Technology." (YP) 



* Reproductions supplied by EDRS are the best that can be made 

* from th.» original document. 



NATIONAL SCIENCE BOARD 



MARY L. GOOD, (Chairman) Senior Vice President, Tech- 
nology, Aliied-Signal Corporation 

THOMAS B. DAY, (Vice Chairman) President^San Diego 
State University 



PERRY L. ADKISSON, Chancellor, The Texas A&M Uni- 
versity System 

ANNELISE G. ANDERSON, Senior Research Fellow, The 
Hoover Institution 

WARREN J. BAKER, President, California Polytechnic 
State University, San Luis Obispo 

ARDEN BEMENT, Vice President, Technical Resources, 
TRW Inc. 

CRAIG C. BLACK, Director, Los Angeles County Museum 

of Natural History 
ERICH BLOCH, (Ex Officio), Director, National Science 

Foundation 

D. ALLAN BROMLEY, Director, Wright Nuclear Struc- 
ture Laboratory, Yale University 

FREDERICK P. BROOKS, JR., Kenan Professor of Con. 
puter Science, University of North Carolina 

RITA R. COLWELL, Director, Maryland Biotechnology 
Institute and Professor of Microbiology, University 
of Maryland 



F. ALBERT COTTON, W.T. Doherty-Welch Foundation 
Distinguished Professor of Chemistry and Director, 
Laboratory for Molecular Structure and Bonding, 
Texas A&M University 

DANIEL C. DRUCKER, Graduate Research Professor, 
Department of Aerospace Engineering, Mechanics 
and Engineering Science, University of Florida 

JAMES J. DUDERSTADT, President-Designate, The 
University of Michigan 

JOHN C. HANCOCK, Executive Vice President, Corpor- 
ate Development and Technology, United Telecom- 
munications, Inc. 

JAMES B. HOLDERMAN, President, University of South 
Carolina 

CHARLES L. HOSLER, Senior Vice President for Research 
and Dean of Graduate School, The Pennsylvania 
State University 
K. JUNE LINDSTEDT-SIVA, Manager, Environmental 

Sciences, Atlantic Richfield Company 
KENNETH L. NORDTVEDT, JR., Professor of Physics, 

Montana State University 
JAMES L. POWELL, President, Reed College 
FRANK H.T. RHODES, President, Cornell University 
ROLAND W. SCHMITT, President, Rensselaer Polytech- 
nic Institute 

HOWARD A. SCHNEIDERMAN, Senior Vice President 
for Researrh and Development and Chief Scientist, 
Monsanto Company 



THOMAS UBOIS, Executive Officer 



National Science Board Subcommittee on 
Science and Engineering Indicators— 1989 

^ ^" Complny^*"^*^^' ^^"'''Ser, Environmental Sciences, Atlantic Richfield 

James L. Powell, President, Reed College 



3 

I 




SCIENCE & 
ENGINEERING 
INDICATORS - 1989 



O NATIONAL SCIENCE BOARD 



Cover Illustration 

The illustration was supplied by Professor John H. 
Woodhouse, Department of Earth and Planetary Sciences, 
Harvard University. It depicts a section into the Earth 
showing a composite image synthesized from seismic 
tomographic mapping. Results from seismic tomography 
are being u »ed to answer fundamental questions about the 
evolution and present-day dynamics of the Earth. 

Lower than average velocities, which are indicative of 
elevated temperatures, are shown in orange; high velo- 
cities are shown in blue. 

Details of the models and methodologies are available 
in Woodhouse and Dziewonski 1984 (Journal of Geophysical 
Research 89: 5953); Dziewonski 1984 (Ibid., p. 5929); Wood- 
house, et al., 1986 {Journal of Geophysical Research letters 13: 
1549); and Morelli, et al, 1986 (Ibid., p. 1545). 



Recommended Citation 

National Science Board, Science & Engineering Indica- 
tors— 1989. Washington, DC: U.S. Government Printing 
Office, 1989. (NSB 89-1) 



For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402 

Stock Number 038-000-00583-9 



Letter of Transmittal 



December 1, 1989 
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Introduction 



This volume is the ninth in the biennial Science Indicators 
, series (and the second entitled Science & Engineering In- 
dicators) initiated by the National Science Board (NSB) in 
; 1972. The series provides a broad base of quanticative 
. information about the structure and function of U.S. 
■science and technology (S&T) and comparisons with other 
^• advanced industrial countries. It is designed to both in- 
form national policymakers who allocate resources to 
these activities and serve as an information resource to the 
S&T community at large. 

The Basic Question of Science and Technology Policy 

In this era of rapid global change, the Nation's key S&T 
policy concern is to identify the kii ds, levels, and em- 
phases of the national effort in science and engineering 
research and development (R&D) and education in order 
to: 

• Produce sustained advances across a bread front in 
the understanding of natural and social phenomena 
(basic research); 

• Foster vigorous inventive activity to produce continu- 
ing technological progress (applied research and de- 
velopment); 

• Combine understanding and invention in the form of 
socially useful and cost-effective products, processes, 
and services (innovation); and 

• Ensure an adequate supply of highly trained and 
talented scientists and engineers to meet the Nation's 
needs. 

Creating Science and Technology Indicators 

The science, engineering, and technology system is less 
easy to measure than other major functional areas of our 
society such as health, agriculture, or the economy. This is 
due in good part to ^he nature of its primary output- 
knowledge and ideas. People create, communicate, and 
carry ideas; dollars support people. We can and do track 
people and dollars. But we still are unsophisticated in our 
attempts to measure either science as a body of ideas or its 
connections with the social and economic order. Thus, our 
indicators rema^i — for now — largely measures of aspects 
of science and engineering as sets of activities, rather than 
as particular bodies of knowledge. 

The elements of the science, engineering, and technol- 
ogy system in the U.S. can be specified as: 

• Thehuman resources, including working scientists and 
engineers and their technical support and technical 
managers and entrepreneurs; 

• The various organizatix^.^.i settings for conducting 
R&D and technical education; 



• The substantive findings, research method!^, and theories 
embodied—in large part — in science and engineering 
literatures; 

• The physical infrastructure, including research and 
tr iching facilities and instrumentation with the most 
advanced capabilities; 

• The necessary financial support for all of these ele- 
ments; and 

• A cultural, economic, and legal context that is supportive 
of these efforts. 

While easy to specify in principle, describing each ele- 
ment and subelement in the system involves many prob- 
lematic research issues. For example, what operational 
definitions should be used for counting scientists and 
engineers? Should it be their formal degrees? Their past 
work experience? Their current work activity? And, if all 
three, in what combination? In what sense do the data on 
U.S. patents awarded reflect rates of technical innovation? 
Does the dramatic increase in coauthorship of scientific 
publications reflect real change in the conduct of research? 

Even more difficult are the ^rov^lems of tracking and 
analyzing the interactions among these imperfectly mea- 
sured elements— the dynamics of the system. 

Continuing investigation into these questions is a sine 
qua non of improved indicators, and the National Science 
Foundation (NSF) does provide modest funds for extra- 
mural studies in this area. (See the Science Indicators 
Group Program Announcement, available upon request.) 
Descriptions of NSF-supported projects currently under 
way are available in Project Summaries: FY 1987 (NSF 87- 
315). 

About half of the quantitative information in this vol- 
ume is generated by the national surveys* and studies 
conducted on a continuing basis by NSFs Division of 
Science Resources Studies (SRS). The Division's Publica- 
tions List: 1978-1988 (NSF 88-335) details these studies; it 
also explains how to obtain detailed statistical tables from 
the various surveys (on computer diskettes), and data sets 
from the SRS Electronic Bulletin Board. Additionally, the 
Publications List references extramural publications deriv- 
ing from SRS-supported studies. For further information, 
call (202) 634-4634. 

This volume also contains considerable information ob- 
tained from outside NSF. The original sources ar? noted 
throughout the text and tables. In the case of analyses 
specially commissioned for this volume, the Science In- 
dicators Group staff can provide further information. Call 
(202)634-4682. 



What Is New in This Volume? 

Following the extensive structural changes in Science & 
Engineering Indicators — 1987, the approach in the present 
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volume has been to consolidate c^nd refine those changes. 
However, a number of new features are also incorporated. 

• A major new study of high school transcripts is an- 
alyzed in the precoUege education chapter (chapter 1 ). 

• For the first time, data about colleges and universities 
are broken out by the Carnegie categories of institu- 
tions in the chapter on higher edu cation (chapter 2). 

• A new "stock-flow" model for analyzing the dynam- 
ics of the science and engineering labor market is 
presented in the chapter on the workforce (chapter 3). 

• The chapter on financial support for R&D includes a 
new section on state support for R&D (chapter 4). 

• A new treatment of industrial support of academic 
R&D is included in the chapter on academic R&D, as 
is new bibliometric information on the growth of 
coauthorships of scientific papers (chapttr 5). 

• New comparisons of patterns of Japanese and U.S. 
patenting in the U.S. are presented in the chapter on 
industrial R&D (chapter 6). 

• The title of the international chapter has been changed 
to "The Global Markets for U.S. Technology," reflect- 
ing a new approach to the area which includes U.S. 
internal markets for high-tech goods as an integral 
part of the analysis (chapter 7). 

• The move toward international comparative mjxter- 
ials on public attitudes towards science and technol- 



ogy, initiated in the 1987 Imiicators, is continued in the 
present volume with comparative data from a parallel 
British survey (chapter 8). 

Additionally, we have incorporated several new presen- 
tation techniques for enhanced readability and reader ac- 
cessibility. These include "sidebar" stories accompanying 
the main text, changed Highlights formats, chapter-spe- 
cific tables of contents, and a list of acronyms (appendix 



Organizational Responsibilities 

This volume is a collaborative effort, as can be seen in 
the acknowledgments below and in appendix II. The over- 
all responsibility for the report derives from the statutory 
charge to the National Science Board [Sec. 4(j)(l) of the 
National Science Foundation Act of 1950, as amended]. A 
special committee of NSB members provided oversight 
and guidance to the staff of the Science Indicators Group 
of the Special Analytical Studies Section of the Division of 
Science Resources Studies, who worked exclusively on the 
report and related research. Other members of SRS, as well 
as staff from other NSF Directorates, aided in manuscript 
preparation. Numerous external expert reviewers and 
users helped to shape and sharpen the indicators. Overall 
staff responsibility for the report was assumed by NSF's 
Directorate for Scientific, Technological, and International 
Affairs. 
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Overview of U.S* Science and Technology 



SYNOPSIS 



The decade-long (1975-85) uninterrupted expansion of 
support for U.S. science and technology (S&T) has leveled 
off in recent years (1985-89). With some important excep- 
tions, most indicators of U.S. S&T show significant slow- 
downs and downturns. For example: 

• Growth rates have slowed in both research and de- 
velopment (R&D) funding and science and engineer- 
ing (S/E) personnel. 

• While the U.S. still spends more on R&D than the next 
four industrialized countries combined, some inter* 
national competitors (e.g., Japan and West Germany) 
have drawn ahead of the U.S. iv terms of R&D expen- 
ditures as a percentage of gross national product 
(GNP). 

• In several areas, U.S. producers of high-tech goods 
have lost significant global market shares. 

• National and international indicators of U.S. school 
mathematics and science performance show little im- 
provement, despite continuing major reform efforts. 

• U.S. university and college freshmen show a down- 
ward trend in their choice of undergraduate majors in 
some S/E fields. Although undergraduate S/E de- 
grees awarded have remained at about 30 percent of 
all bachelor's degrees awarded for the past 3 years, the 
freshman shift away from S/E majors portends re- 
duced S/E degrees in coming years. 

• Increases in graduate S/E enrollments (in doctorate- 
granting universities) slowed from an average annual 
rate of 2 percent from 1980 to 1987 to a 1-percent 
increase from 1987 to 1988. 

• Foreign students continued to increase (and U.S. citi- 
zens to decrease) their share of graduate S/E enroll- 
ments and S/E Ph.D. degrees granted by U.S. univer- 
sities in all broad S/E fields except psychology. 

• One area of continuing growth (albeit at a slightly 
slower rate than that of the past decade) is support for 
basic research and R&D in universities and colleges. 
This support has no doubt assisted the U.S. in main- 
taining its share of world scientific and technical liter- 
ature. 

Support for U.S. R&D continues to grow in constant-dol- 



lar terms, but at a much slower rate than has been the case 
for the previous decade and a half. Although total R&D 
expenditures grew at an annual rate of almost 6 percent 
from 19/5 to 1985, the rate of growth for 1986 to 1989 is 
estimated at about 2 percent per annum. 

The slower pace of U.S. R&D growth in recent years is 
also reflected in a U.S. lag of 3 consecutive years behind 
Japanese and West German R&D expenditures as a per* 
centage of GNP. 

The recent slowdown in funding growth is most dra- 
matic for the development and applied research com- 
ponents of R&D (1 -percent estimated annual growth rate 
from 1986 to 1989); basic research expenditures slowed 
only slightly to an estimated annual growth rate of 3 
percent (in constant dollars). These trends are largely due 
to two sets of policy decisions. First, Federal S&T policy 
has moved toward reducing the rate of increase in defense 
R&D spending and toward maintaining growth in basic 
research and academic R&D. And in the industrial sector, 
corporate R&D decisionmakers have slowed their rate of 
growth in company funding of R&D. 

While the U.S. continues to be the world's foremost 
supplier of high-tech products, its lead is shrinking. The 
U.S. share of global markets for high-tech goods, which 
declined during the 1970s and then recovered in the first 
half of the 19805, showed renewed weakness in the latest 
period measured (1985-86). During this period, U.S. pro- 
ducers lost both domestic and foreign market shares. 
However, the U.S. trade balance in high-tech goods 
showed a slight upturn back into a positive balance in 
1987; this followed a 7-year period of decline and a first- 
ever deficit in 1986. In terms of innovation, U.S. patent 
applications and awards— both indicators of a country's 
S&T innovation—have increased in the recent period, but 
not as rapidly as foreign patenting in the United States. 

Since measurements began in 1957, the U.S. public has 
exhibited strong positive beliefs about the beneficial con- 
tributions of science and technology to society. Data from 
a 1988 survey of public attitudes toward S&T showed a 
reaffirmation of public confidence in the societal benefits 
of S&T. Previously, such confidence had wavered some- 
what, as detected in two surveys conducted after the Na- 
tional Aeronautics and Space Administration space shut- 
tle accident in January of 1986 and the Chernobyl nuclear 
plant accident the following May. 
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U.S. R&D INVESTMENTS IN A WORLD CONTEXT 

In the world context, the United States spencis more on 
R&D than the next four largest countries— Japan, West 
Germany, France, and the United Kingdom---coipMned. 
Over the past decade, the U.S. has more or less mainl med 
its share of the combined R&D budgets of the five coun- 
tries: 56 percent in 1975 versus 54 percent in 1986. This 
share was significantly reduced from the 68-percent share 
the U.S. enjoyed in 1966. (See figure 0-1.) 

Despite the differences in total expenditures, in 1987, the 
major noncommunist industrialized countries each in- 
vested approximately the same percentage of their GNPs 
in R&D. (See figure 0-2.) Both Japan and West Germany 
have now exceiv s.'U the U.S. on this indicator for 3 years 
(1985-87). 



Figure 0-1. 

R&D Mpwidlturas, by country ; 19IB1-87 
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The nature of R&D investments has an important bear- 
ing on their economic contributions. If only nondefense 
R&D is considered^ Japan and West Germany have been 
ahead of the U.S. for nearly two decades; additionally, 
their rate of civilian R&D investment as a percentage of 



Figure 0-2. 

R&D expenditures as a percentage of G <IP» by 
country 
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GNP has been rising faster than that of the U.S. since 1981. 
(See figure 0-3.) U.S. investment in nondefense R&D as a 
percentage of GNP has declined for at least 2 years. 

The overall rate of increase of U.S. R&D expenditures 
has slowed considerably in recent years. While total na- 
tional expenditures for R&D grew at an annual rate of 
almost 6 percent from 1975 to 1985 (in constant dollars), 
the rate of growth for the most recent period (1986-89) is 
estimated at only about 2 percent annually. The rapid rate 
of increase of development funding in the early 1980s has 
shrunk to an estimated annual rate of less than 1 percent 
in 1989. On the other hand, fundin^^ for basic research has 
continued to grow at only slightly less than its 1975-85 rate. 
(See figure 0-4 and appendix table 4-5.) 
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Changing growth rates in U.S. R&D expenditures are 
also evident in figure 0-5, which displays defense and 
nondefense R&D by character of work. The massive in- 
crease in defense development expenditures from 1980 to 
1985 was reduced to a very small growth rate by 1989. In 
civilian R&D, basic research maintained a significant 
growth rate in both periods, while civilian applied re- 
search and development expenditures remained approx- 
imately constant from 1986 to 1989 after suffering large 
cuts between 1980 and 1985. 



Flgur©0-3. 

Nondetonte R&D as a percentage of QNP, by 
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Figure 0-4. 

U.& R&D expeiidituros, by character of work: 1960-89 
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HUMAN RESOURCES 

International Comparisons 

Recent years (1984-86) have seen a slowing in the rate of 
growth of U.S. scientists and engineers engaged in R&D 
per 10,000 workers in the labor force. Atter two decades of 
rapid growth Japan has now caught up with— and, in fact, 
shghtly exceeds— the U.S. on this indicator. Japan has 67 
researchers per 10,000, compared with 66 for the United 
States. France and West Germany continue to increase at 
about the same rate as the U.S., while in the United King- 
dom, the growth of researchers in the labor force has 
remained flat since 1981 . (See figure 0-6.) 
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FIgureO-S. 
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Closely paralleling the international comparative data 
on R&D funding, the U.S. in 1986 awarded more first 
academic degrees in natural science and engineering 
(NS/E) than the next four largest noncommunist countries 
combined—about 214;000 persons versus about 175,000; 
respectively. (See appendix table 3-18.) The five countries 
also vary considerably in the proportion of fin t academic 
degrees that are in NS/E fields, as v^ell as in the relative 
proportions of natural science to engineering degrees. (See 
figure 0-7.) The U.S. and Japan have the smallest propor- 
tions of all first university degrees in NS/E fields — 20 
percent and 26 percent, respectively— while France and 
the United Kingdom have the highest proportions (47 
percent and 40 percent, respectively). Among the NS/E 
iields in Japan and France, first engineering degrees out- 
number natural science degrees— in Japan, by a factor of 
four to one. In 1986, Japan— which has half the population 
of the U.S.— graduated about 73,000 engineers, a number 
almost equal to U.S. engineering degrees awarded in that 
year (77,000). In contrast, in both the U.S. and the United 
kingdom, natural science degrees outnumber engineering 
degrees by nearly two to one. 



FigureO-6. ' 

Sclantfata and onglnaera aiigagiBd in R&O per 10.000 
labor forca» by CQuntry 
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Private Sector Employment of U.S. Scientists 
and Engineers 

Between 1977 and 1988, S/E employment in the private 
sector expanded at more than twice the rate of total em- 
ployment. 

This trend encompassed major changea in the occupa- 
tional and industrial mix of S/E employment. For ex- 
ample, S/E employment in services-producing industries 
grew 103 percent over the period, compared to a 38-per- 
cent growth in total services employment. (See figure 0-8.) 
S/E employment growth in the goods-producing sector 
stemmed from an increased share of a declining total in 
manufacturing jobs. 

The expansion of the services-producing industries has 
been a key factor in the extraordinarily rapid growth of 
computer specialists between 1980 and 1988. (See figure 
0-9.) 



Figure 0-7. 

First university degrees, by field and country: 1986 
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Figure 0-8. 

Index of S/E and total employntent growth in private Industry, by sector of employment: 1977-88 

(index 1d77«t00) 
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Figure 0-9. 

Change in employment of eoientlets and eiigineers 
in S/E JobSi by field: 1980^ 
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Women in S/E 

Women scientists and engineers represented about 13 
percent of the S/E workforce in 1986, up from 11 percent 
in 1980. (See figure O-IO.) By field, women accounted for 
a much larger share of employment among scientists than 
among engineers — 26 percent versus 4 percent. Between 
1980 and 1986, women experienced small percentage 
losses in the mathematics and environmental sciences, but 
achieved sizeable gains in the physical and life sciences. 
Small percentage gains were made in all engineering sub- 
fields. 



PrecoUege Science and Mathewatics Education 

U.S. school childreii continue to perform below the lev- 
els obtained by their age groups in other countries on 
science and mathematics achievement tests, hi a 1988 nv 
ternational mathematics and science assessment of 13- 
year-olds in five countries and several Canadian prcvin- 
ces, U.S. children scored lowest of all the populatirns in 
mathematics and below the mean in science. (See figure 
O-ll.) 



Figure 0-1 0, 

Women as a percentage of solentlste and engineers 
employed ln.S/&jQbs» by field: 1080 and 1986 
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Figure 0-11. 

Average scores in seianee andinathematics achievement tests for age 13. by selected countries: 1986 
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Figure 0^12. 

^National trends In average science achievement: 
?l970-86 
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There are signS/ however, that the two-decade-long de- 
cline in mathematics and science achievement test scores 
of U.S. children may be turning around. Slight improve- 
ments in science and mathematics achievement trends 
were detected in the 1986/87 National Assessment of Ed- 
ucational Progress studies. (See figures 0-12 and 0-13.) 
Trends for 9-, 13-, and 17-year-olds across five national 
assessments in science since 1970, and four in mathematics 
since 1973, reveal a pattern of initial declines followed by 
subsequent recovery in all thre« age groups. In mathe- 
matics, 9- and 13-year-olds scored slightly higher in 1986 
than in 1973. Scores for 17-yea:-old students, however, 
showed small declines. In scieace, the recent improve- 
ments have not yet brought scores up to their 1969 levels 
in any age group. 
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;FlgureOr13. 

National trends In average mathematics 
achleyenri^nt; 1973-86 
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Higher Education 

The interest of U.S. university and college freshmen in 
computing and engineering majors continues to decline. 
(See figure 0-14.) However, a small increase in interest in 
a biological science major is apparent in the latest data, as 
well as renewed interest in the social sciences. Business, 
education, and the arts and humanities all register gains in 
student interest as evinced by choice of major. 

While S/E degrees have remained about 30 percent of 
all bachelor's degrees in recent years, the downturn in 
freshman choice of S/E majors portends a reduction in S/E 
degrees in coming years. (See appendix tables 2-11 and 
2-12.) Despite an increase in freshman engineering enroll- 
ments in 1988, decreases in engineering baccalaureates 
should continue for several years due to declining enroll- 
ments from 1983 to 1987. (See ar^endix table 2-5.) 

At the graduate level, overall ei ;ollments in science and 
engineering programs increased by 1 percent in 1988 over 
1987, a significant drop from the 1980-87 trend of an aver- 
age annual 2-percent increase. (See figure 0-15.) Engineer- 
ing, computer science, and environmental science enroll- 
ments show the most dramatic declines. However, several 
science fields experienced increased rates of enrollment. 
These included the life and social sciences, psychology, 
and mathematics. 



Figure 0-16. 
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Figure 0-15. 

Change In graduate enroiimentSp by field 
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Figure 0-1 7. 

Intemattonatly coauthor«cl articles, by country: 1976 
and 198(5 
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Growth in graduate S/E enrollments — albeit slowed — 
continues to be fueled by registrations of non-U.S. citizens. 
In doctorate-granting institutions, registration in graduate 
S/E programs of non-U.S. citizens accounted for the entire 
growth in total enrollments from 1987 to 1988. (See appen- 
dix table 2-8.) Non-U.S. citizens on temporary visas make 
up more than a third of S/E graduate students in engineer- 
ing, mathematics, computer science, and the physical sci- 
ences. (See figure 0-16.) 



KNOWLEDGE CREATION AND APPLICATION 

One measure of the relative strength of U.S. scientific 
research is the share of articles written by U.S. authors in 
the world's leading S/E journals. From 1973 to 1986, the 
U.S. more or less maintained its share of a little over 
one-third of world articles in most fields. Erosion of the 
U.S. share occurred in biology and mathematics — each of 
which lost 8 percentage points of its world share during 
this period. (See text table 0-1.) 

The data on international coauthorship of scientific ar- 
ticles suggest an increasing internationalization of scien* 
tific research. In the 1976-86 decade, most of the major 
countries studied virtually doubled the percentage of their 
papers coauthored with foreigners. (See figure 0-17.) 
About 10 percent of all U.S. papers were coauthored with 
one or more foreign authors in 1986, as compared with 
about 6 percent in 1976. Western European countries 
ranged from 15 percent to 20 percent; Japan and the USSR 
had the lowest rates of foreign coauthorship. 
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U.S. inventors are increasing their numbers of successful 
patent applications in the U.S., but foreigners are acquiring 
U.S. patents at a significantly faster rate than are U.S. 
applicants. From application date 1970 to 1983, the annual 
number of U.S. patents granted to U.S. inventors fell from 
about 46,000 to 34,000, but has risen to about 45,000 in 1 988. 
(See appendix table 6-6.) However, the proportion 
awarded to foreigners of all successful patent applications 
rose from 30 percent in 1970 to nearly half (48.5 percent) in 
1987. Japanese inventors were by tar the most active in 
increasing their U.S. patenting. (See figure 0-18.) 

RESEARCH AND DEVELOPMENT 

The relative magnitudes of the various R&D-perform- 
ing sectors in the U.S. have stayed fairly constant over the 
decades, with some slight fluctuations. Industry has per- 
formed around three-quarters of all R&D, Federal labor- 
atories and academic institutions around 10 percent each, 
and other entities around 5 percent. (See appendix table 
4-2.) The very rapid growth of R&D in industry and gov- 
ernment during the early 1980s has been replaced by 
growth rates of less than 2 percent in the late 1980s. Only 
the academic sector shows a higher rate of R&D growth in 
the late 1980s than in the earlier part of the decade. (See 
figure 0-19.) 



Figure O-20. 

Souroi of acadamlc R&D funding, by sector: 1969<«9 
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Figure 0-19. 

Change in U.S. R&D expenditures, by performer: 
1981*85 and 1985'89 
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The continuing growth of academic R&D is being 
achieved (in some measure) with increasing support from 
non-Federal sources. (See figure O-20.) Institutional and 
industrial sources of support show a slow— but consis- 
tent—pattern of increased R&D funding over the past two 
decades, with quickening support in the 1980s. All fields 
of academic R&D have shared in this growth, but to dif- 
fering degrees. (See figure 0-21.) The most rapid rate of 
expansion of academic R&D expenditures has taken place 
in computer science, engineering, and the mathematical 
sciences, but the medical and I iological sciences continue 
to lead in absolute expenditures. 
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Figure 0-21. 

Aoadtmle R&D txpendituret, by field: 1976-87 



Figure 0-22. 

U.S. share of high-tech markett 



::^dllions.of Qonstant 1982 (iollars) 



■^■^^ 

■{ 1,2 

'"■rXO 

0.8 
0.6 
0.4 

• 0.2 




Medical sciences 



Engineering ^ •^ve/si'® .•'* 



/ 



Social sciences 



. Computer science " ^ . 

- Mathematical^ sclencg? ^ ' ^ ^ ^ • 



1976 1978 1980 1982 1984 1986 1987 

8m appendix t«bia,5*9 and p. 1 1 1 . 

Sci0nc0SEnglnB9ringlndicaiorB^1939 



SCIENCE AND TECHNOLOGY IN 
THE MARKETPLACE 

U.S. High-Technology Performance in Global Markets 

From 1970 to 1986, U.S. producers of high-tech goods 
decreased their share of global markets for such goods 
from about 50 percent to 40 percent. (See figure 0-22.) 
However, almost all of this loss was due to a reduced share 
of domestic U.S. markets for high-tech goods. The share of 
world ncn-U.S. markets for U.S. high-technology produ- 
cers actually increased slightly during the period. 




Global market U.S. market. Foreign.markets 



SeeapperKilxtabIa 7*8andpp..150-54. 
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U.S. producers of high-tech goods export about three 
times thejpercentage of their total shipments as compared 
with producers of non-high-tech manufactured products. 
(See figure 0-23.) There has been little change over the past 
decade in the areas of high-technology where U.S. pro- 
ducers are most active in exporting. Aircraft and parts and 
office and computing machines remain the most export- 
intensive industries, and drugs and medicines, plastic ma- 
terials and synthetics, and guided missiles and spacecraft 
the least. 



Science and Technology in U.S. Industry 

The latest estimates of U.S. industrial R&D activity show 
a flattening rate of increase of R&D expenditures after 

1985. The previous decade (1975-85) saw continuous 
growth of industrial R&D from both corporate and Federal 
sources. (See figure 0-24.) There was virtually no real 
growth in Federal funds for industrial R&D from 1985 to 

1986. Company funds for R&D have continued to grow. 
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i Figure 0-23. 

jExports of hlflh-toch products as a percentage of shipments: 1986 
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but at a much slower rate than during the decade before 
1985. 

During the 1975-85 decade, high-tech industries exhibi- 
ted the bulk of the rapid growth in corporate R&D. Es- 
timates for 1986 (the latest year for which industrial R&D 
data are available by industry) show a downturn in R&D 
expenditures (in constant 1982 dollars) in the high-tech 
manufacturing industries. (See figure 0-25.) This trend 
may be slightly exaggerated— as may be the opposite up- 
ward trend in R&D expenditures among "other manufac- 
turing industries"— by changes in the classification of cer- 
tain major companies. But the principal finding of a 



slowdown in R&D expenditures among high-tech man- 
ufacturing companies is not in dispute. 

Through 1987, industry continued to increase its sup- 
port of R&D in universities. (See figure O-20.) In that year, 
industry supplied a record high of 6.4 percent of total 
academic R&D funds. The continuing interest of corpora- 
tions in university research is also reflected in the in- 
creased rate at which industrial and academic scientists 
and engineers collaborate in authoring scientific papers. 
(See figure 0-26.) The percentage of all industrially au- 
thored papers which are coauthored with academic re- 
searchers almostdoubled between 1976 and 1986 (15 per- 
cent and 28 percent, respectively). 
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Figure 0-24. 

Ex|»»nclitur«s fQr Induttria by soi«rce of funds 
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Flgura 0-25. 

R&D expenditures, by industry group 
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Figure 0*26. 

Proportion of Industry articles coauthored with 
academic sector, by field: 1976 and 1986 
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PUBLIC ATTITUDES TOWARD SCIENCE 
AND TECHNOLOGY 

Over the decades, the U.S. public has held a remarkably 
stable and optimistic view of the contributions of science 
to society. This stability persists even in the face of major 
technological accidents. Figure 0-27 shows the changes in 
U.S. public opinion as reflected in surveys before and after 
the Challenger and Chernobyl accidents. 

A fall 1985 survey showed " le traditional finding that 
about three-quarters of the U.S. public believe that, on 
balance, the benefits of scientific research outweigh the 
harms to society. In addition, as in previous surveys, those 
who believe that the benefits "strongly" outweigh the 
harms outnumber those who believe that the benefits 
"only slightly" outweigh the harms by a margin of two to 
one. 



^v>F}gureO-27. 
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Two weeks after the Challenger accident on January 28, 
1986, the individuals in the November 1985 survey sample 
were resurveyed. While the overall percentage acknow- 
ledging that the benefits of scientific research outweigh the 
harms remained about the same, there was a complete 
reversal of the percentages holding this view strongly or 
only slightly. This reversal was maintained when the same 
sample was questioned a third time in June 1986, after the 
Rogers Commission had completed its report on the Chal- 
lenger accident, but also 6 weeks after a second major 
technological accident had occurred at the Chernobyl nu- 
clear power plant. The results of the three surveys sug- 
gested that these technological disasters may have sig- 
nificantly eroded the strongly positive attitudes toward 
scientific research long held by the U.S. public. 

However, a new national sample surveyed 2 years later 
in July 1988 showed that public attitudes had reverted to 
their pre-Challenger accident configuration — including 
both the overall positive assessment as well as the original 
pattern of the strength of the convictions. 

Newly developed internationally coordinated surveys 
of public attitudes toward S&T are beginning to yield 
interesting national variations in public perceptions of and 
knowledge about S&T. Recent national samples of public 
opinion in the U.S., Britain, Japan, and the European Com- 
munity (EC) show surprisingly similar patterns of knowl- 
edge and ignorance on scientific questions — ^withone ma- 
jor exception. (See figure 0-28.) The British and the EC 
score a little better than do Americans on the question of 
the simultaneous existence of humans and dinosaurs; the 
U.S. and the EC score a little better than Britain on whether 
the earth moves around the sun. Large majorities in all 
three countries and the EC give the correct answer on 
continental drift. 

On the issue of the evolution of the human species, 
however, the U.S. public differs markedly from the other 
samples. Less than half of the U.S. respondents agreed 
with the statement about evolution, as compared with 75 
percent to 80 percent of the British and Japanese and 62 
percent of the EC respondents. The U.S. pattern reflects a 
history of political and legal controversy on questions of 
biological evolution rooted in strongly held cultural or 
religious beliefs. 
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Figure 0-26. 
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PrecoUege Science and Mathematics Education 

HIGHLIGHTS 



Student Achievement 

• Following a wave of school reforms in the early 1980s, test 
scores on national science achievement tests have shown slight 
increases during the 1980s. Achievement trends for 9-, 13-, 
and 17-year-old students from 1970 to 1986 show a 
pattern of initial declines followed by subsequent up- 
turns for the three age groups. However, the recent 
improvemenis did not offset earlier decreases in test 
scores, and student scores in 1986 remained below 1970 
levels for the three age groups. (See p. 22.) 

• Mathematics achievement showed a similar pattern, with 
students attaining slightly higher scores on national achieve- 
ment tests in 1986 than in 1978. While 9- and 13-year-olds 
scored slightly higher in 1986 than in 1973, scores for 
17-year-olds were slightly lo\>rer. (See p. 24.) 

• In both science and mathematics, the largest increases in test 
scores occurred among the ethnic/racial groups that had per- 
formed comparatively poorly in earlier assessments. For ex- 
ample, 9- and 13-year-old blacks and Hispanics showed 
larger gains in science test scores than did whites be- 
tween 1977 and 1986, and the same findings applied to 
mathematics scores for 9-, 13-, and 1 7-year-olds between 
1978 and 1986. (See pp. 22,25,) 

• Despite these recent improvements, average black and His- 
panic students were still far behind white students in achieve- 
ment scores in 1986. In 1986, the average 17-year-old black 
or Hispanic student performed at the same level as the 
average 13-year-old white student in the science and 
math achievement tests; the average 13-year-old black 
or Hispanic student performed at the average 9-year-old 
white student level in science. (See pp. 22,25.) 

' In an international mathematics and science assessment of 
13-year-olds conducted in five countries and four Canadian 
provinces in 19' J.S. students scored lowest among the 1 2 
populations in mathematics and fourth lowest in science. 
South Korean students demonstrated the highest over- 
all mathematics achievement, and British Columbian 
and South Korean students had the highest science 
scores. (See pp. 27-28.) 

In another international science assessment, students at the 
5th, 9th, and 12th grade levels in the U.S. performed poorly 
compared with their counterparts in other countries. For 
example, among students taking a particular science 
course in their final year of high school of the 13 coun- 
tries tested, U.S. students placed last in biology, 1 1th in 
chemistry, and 9th in physics. (See pp. 28-29.) 

tudent Coursework 

Largely as a result of school reform movementti, the average 
number of courses U.S. high school students take in science. 



mathematics, foreign languages, and computer science has 
increased proportionally more than it has in other academic 
subjects. Students took an average of one semester more 
of mathematics in 1987 than in 1982, and enrollments in 
advanced mathematics classes were up by about a third. 
Course-taking in science was also up, with the percent- 
age of high school students taking a course in biology 
increasing from 75 percent in 1982 to 90 percent in 1987; 
increases also occurred in the percentages of students 
faking chemistry (frorn 31 percent to 45 percent) and 
physics (from 14 percent to 20 percent). (See p. 32.) 

• In the international science survey conducted in 1988, U.S. 
students spent less time on regularly scheduled hands-on 
activities than did any of the other 12 populations in the 
assessment. While U.S. teachers believe that hands-on 
activity is the most effective method for teaching sci- 
ence, 38 percent of elementary school teachers reported 
that they use classrooms with no science materials or 
facilities, and less than half of secondary school teachers 
said they had access to a general-purpose science 
laboratory. (See pp. 34-36.) 

• The amount of time spent teaching science and mathematics 
in elementary school remained the same between 1977 and 
1986. In grades 4-6, science teaching averaged about 30 
minutes per day, and mathematics teachhig about 50 
minutes per day. (See pp. 34-35.) 

Teachers and Teaching 

• A 1986 study of the courses that science and mathdnatics 
teachers took in college showed that a substantial proportion 
failed to meet recommended standards for teacher preparation. 
Only 34 percent of elementary school teachers who 
teach science met all of the standards of the National 
Science Teachers Association (NSTA). An even smaller 
percentage (22 percent) of grades 7-9 teachers of science 
met the full standards. At the high school level, 29 
percent of biology teachers, 31 percent of chemistry 
teachers, and 12 percent of physics teachers met all of 
the NSTA standards. In mathematics, 18 percent of ele- 
mentary school teachers met all of the National Council 
of Teachers of Mathematics' recommended standards, 
while only 14 percent of grades 7-9 teachers, and 15 
percent of gracles 10-12 teachers, met these standards. 
(See pp. 37-39.) 

• Among high school math teachers, 29 percent had taken no 
college math courses in the previous 10 years; the comparable 
figure for science teachers was 25 percent. In a national 
survey conducted in 1986, teachers of science and math- 
ematics said that they typically had spent less than 6 
hours in professional development in these subjects 
during the prior 12 months. (See p. 39.) 
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A weU*educated and trained workforce is essential to 
maintaining the Nation's domestic progress and world 
competitiveness, as well as individual progress and pros- 
pcrityr. Nationally, investment in education is one of the 
important sources of productivity and earnings. For ex- 
ample, recent studies indicate that, in the postwar period, 
increases in human capital have contributed 10 percent to 
20 percent of real economic growth and a similar percent- 
age of the gains in economic productivity. From an in- 
dividual standpoint, workers with more schooling noi 
only have higher earnings but also safer, more comfortable 
working conditions and lower rates of unemployment. For 
example, the unemployment rate for workers with fewer 
than 4 years of high school is double that of workers who 
completed 4 years of high school.^ 

The education system can be thought of as a "pipeline" 
through which students pass, increasing their educational 
level. Through elementary school and much of secondary 
school, nearly all students are part of this pipeline. But, as 
students make decisions about higher education, the pipe- 
line diminishes in size. Particularly important is the period 
from 6th to 12th grade, when individual students make 
decisions about which courses to take— and not to take— 
which areas of the educational curriculum in which to 
specialize, and which careers to pursue. 

As individuals make these plans about their academic 
future, they are influenced by a number of factors, includ- 
ing family and peer aspirations and motivation, the media, 
teachers and counselors, and testing practices.^ Also, the 
content and quality of elementary and secondary educa- 
tion helps determine individuals' academic preparation 
for college, their likelihood of graduating from college, 
and their ability to derive the greatest benefit from a col- 
lege education.^ 

Because the abihties, attitudes, and aspirations of to- 
day's elementary and secondary students directly affect 
the quality of the Nation's future college-bound popula- 
tion—and ultimately the skill of the Nation's human re- 
sources — several prominent and troublesome trends need 
to be examined: 

• Despite recent improvements with respect to some 
age and ethnic/racial groups, both participation and 
achievement by U.S. elementary and secondary stu- 
dents in science and mathematics are lagging behind 
previous years and other countries. 

• Participation of women and minorities in science and 
mathematics, although improving in recentyears, still 
is below the average white male. Achievement of 
minorities in science and mathematics remains well 
below that of whites. 

• Compared with students in other developed coun- 
tries, American students demonstrate lower achieve- 
ment in problem solving and higher-order thinking. 

• Many students, particularly those in less affluent 
schools, are taught by teachers of science and mathe- 



^Coundl of Economic Advisers (1988), pp. 166 and 170. 

^OTA (1988a), p. 5. 

^OTA(1988b),p.3. 



matics who are not fully qualified. Shortages of fully 
qualified elementary and secondary school teachers 
are most apparent in physics, chemistry, computer 
science, and mathematics. 

In the early 1980s, the widespread nature of these and 
other problems was drawn to the Nation's attention in a 
spate of national reports, all of which recommended ex- 
tensive school reform. More recently, education leaders in 
all 50 states, as well as numerous local education agencies, 
have initiated activities to set standards for schools or 
students.^ Among the specific problems identified were 
declining student performance, dilution of graduation 
standards, and a high school curriculum loaded with elec- 
tives. 

As a result of the numerous commissions and the recom- 
mendations contained in their reports, extensive reforms 
were launched, including, for instance, increasing the 
number of course credits required to graduate, regulating 
and standardizing curricula through state frameworks or 
guides and through the selection of textbooks, and testing 
for student mastery of basic skills and/or proficiency in 
subject matter areas.^ The intent behind this broad range 
of policy initiatives was to raise student performance and 
exert some form of quality control over the process of 
education.^ And while several national studies discussed 
in this chapter have shown some overall positive results in 
student achievement and student course-taking, many 
states are now in the process of conducting their own 
studies to evaluate the effectiveness of these reforms. 



Structure of the Chapter 

This chapter consists of three major parts, organized to 
discuss the indicators in the categories used by the Nation- 
al Research Council's ^NRC) Committee on Indicators of 
PrecoUege Science and Mathematics Education^ The com- 
mittee was charged with (1) developing a framework, as 
far as possible, using existing data to provide a baseline; 
and (2) suggesting what data and analyses will be needed 
in the future for a continuing portrayal of the condition of 
precollege science and mathematics education. The NRC 
committee defined the concept of an "indicator" as a 
measure that conveys a general impression of the state or 
nature of the structure or system being examined. While it 
is not necessarily a precise statement, it gives sufficient 
indication of a condition concerning the system of interest 
to be of use in formulating policy. 

To identify the central concepts relevant to the science 
and mathematics education system, the committee mod- 
eled the educational system in terms of inputs, processes, 
and outcomes. The committee then recommended monitor- 
ing the following key schooling variables: 

• Inputs— teacher quantity and quality, and curriculum 
content; 

• Processes — instructional time/course enrollment; and 



*Moyer(1987), p.l. 
nbid. 

*Capper(1988). 
''Raizon and Jones (1985). 
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• Owtooww— student achievement 

The committee considered student achievement to be 
the primary indicator of the condition of science and math- 
ematics education, since the acquisition of knowledg is 
the main reason for the existence of formal education. 
Input and process variables were selected that research 
had shown to be related to student achievement; namely, 
exposure to a subject (instructional time/course content), 
the number and qualifications of teachers with instruction- 
al responsibilities in science and mathematics, and the 
opportunity to learn these subjects as reflected in the con- 
tent of the curriculum. 

This chapter presents most recent data on the above-dis- 
cussed variables, arranged in accordance with the com- 
mittee's proposed model of the education system. The 
chapter also reviews recent educational reform efforts that 
have been established to improve the quality of student 
learning, classroom instruction, teacher performance, and 
curriculum content. 

STUDENT ACHIEVEMENT^ 

In the 1985/86 academic year, the National Assessment 
of Educational Progress (NAEP) tested national samples 
of 9-, 13-, and 17-year-olds in science, mathematics, and— 
for the first time — computer competence. These results 
permit a 17-year trend analysis for five assessments in 
science (conducted in 1970, 1973, 1977, 1982, and 1986) and 
a 14-year trend analysis for four assessments in mathe- 
matics (performed in 1973, 1978, 1982, and 1986). Also, for 
the first time, the results in science and mathematics were 
scaled according to various levels of proficiency.^ 

Science Achievement 

While overall trends in science achievement for 9-, 13-, 
and 17-year-olds across five national assessments from 
1970 to 1986 do not reveal dran»atic changes, they do show 
a pattern of initial decline followed by subsequent re- 
covery at all three age levels.^° (See appendix table 1-1.) 
These recoveries, however, have not yet compensated for 
the declines. Declines from the 1970 levels occurred in 
assessments conducted in 1973 and 1977, but these were 
followed by upturns in performance between 1982 and 



*The following information draws heavily on three reports published 
by the National Assessment of Educational Progress section of the Educa- 
tional Testing Service under the heading 'The Nation's Report Card." 
See NAEP (1988a), (1988b), and {1988c). 

^Briefly, the statistical methodology used to develop these proficiency 
scales involved the computation of percentages of students giving var- 
ious responses to the assessment items and using Item Response Theory 
(IRT) technology to estimate levels of science and mathematics achieve- 
ment for the Nation and for various subpopulations. IRT defines the 
probability of answering a given item correctly as a mathematical func- 
tion of proficiency level or skill and certain characteristics of the item. 
Each proficiency level is defined by describing the types of science and 
mathema tics questions thatmoststudentsattaining that proficiency level 
would be able to perform successfully. (See appendix tables 1-2, 1-7, 1-13, 
and 1-14.) Science and mathematics specialists examined these empiri- 
cally selected item sets and used their professional judgment to charac- 
terize each proficiency level. For a detailed description of the statistical 
methodology used, see NAEP (1988a) or (1988b), pp. 132 and 141. 

*^NAEP (1988a). 



1986. In 1986, however, average achievement at ages 13 
and 17 remained below that of 1970; at age 9, average 
achievement just returned to where it was during the first 
assessment of 1970. (See figure M,) 
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Achievement by Minorities. Despite recent gains, the 
average achievement of both 13- and 17-year-old black and 
Hispanic students remains at least 4 years behind that of 
their white peers. (See figures 1-2, 1 -3, and 1-4.) From 1977 
to 1986, white students at ages 9 and 13 tended to show 
slight improvements; black and Hispanic students at these 
ages showed larger gains. Although all three ethnic/racial 
groups at age 17 improved from 1982 to 1986, only black 
students showed important gains across the 9-year span 
from 1977 to 1986. As a result of recent improvements, 
17-year-old black students surpassed their 1977 perfor- 
mance in 1986, while Hispanic and white students did not. 

Achievement by Females. At all three ages— but par- 
ticularly at age 17 — the science achievement of females in 
1986 was below that of males, a trend that has persisted 
throughout the 17 years of assessments. The science per- 
formance of 9-year-old females in 1986 remained slightly 
below that of 1970, and the performance gap between 
males and females at age 9 has increased somewhat during 
that time. The performance gap between 13-year-old 
males and females consistently widened across the five 
assessments. At age 1 7, although the gap between the sexes 
continued, trends in performance were comparable for 
males and females: both groups showed steady declines in 
performance from 1970 to 1982 and improvements from 
1982 to 1986. (See appendix table M.) 

Level of Student Proficiency in Science 

Based on a review of the NAEP test items by science 
specialists, the NAEP results were used to describe five 
levels of student proficiency:^^ 



'^See footnote 9 and appendix table 1-2. 
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Figure 1 '2. ■ • ' 
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Figure 1-4. 

Trends In average science proficiency for age 17, by 
race/ethnlclty: 1970^86 
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• Knows everyday science facts. 

• Understands simple scientific principles. 

• Applies basic scientific information. 

• Analyzes scientific procedures and data. 

• Integrates specialized scientific information. 

These performance levels can be characterized as the 
interaction between knowing about science and gaining 
the ability to perform scientific experiments and using 
scientific information to infer relationships and draw con- 



Figure 1-3. 

Trends in average science proficiency for age 13, by 
nice/ethnicity: 1970*86 



(Achievement scores) 
350 




1070 73 
See appendix table 1-1 . 



77 '82 '86 

Science A Engineering {ndlcators-^igse 



clusions.^^ The science specialists who constructed the 
NAEP items established the level at which students have 
the ability to analyze scientific procedures and data as 
characterizing , . the sort of scientific literacy one might 
expect to be universally held by members of society.''^^ 

Results of the NAEP analyses of the five levels of student 
proficiency show that, although recent progress has been 
made in average student proficiency, most of this has 
occurred at the lower end of the scale in the areas of basic 
knowledge and elementary interpretation of scientific in- 
formation.^* (See appendix tables 1-3, 1-4, and 1-5.) Ap- 
proximately 10 percent of junior high school students and 
only about 40 percent of high school students can be 
considered moderately versed in science (i.e., able to anal- 
yze scientific procedures and data). Only 7.5 percent of the 
17-year-olds demonstrated the ability to integrate special- 
ized scientific information* (See text table 1-1.) 

By 198(\r nearly all students in all three age groups 
attained a level of scientific knowledge that might be 
gained from everyday experiences, including elementary 



"iTie 1986 NAEP science assessment did not include "hands-on" 
exercises designed to measure students' ability to "do" science in terms 
of their ability to use laboratory equipment and apply higher-order 
thinkingskillsinexperimentalsltuations.Theimportance of the key types 
of hands-on exercises was indicated by a recent report of the National 
Academy of Sciences, which posited that multiple-choice tests are not 
adequate for assessing conceptual knowledge, most process skills, and 
the higher-order thinking that scientists, mathematicians, and educators 
consider most important. Among the types of tests this report advocated 
were exercises that employ free-response techniques — not only paper 
and pencil problems but also hands-on science experiments and com- 
puter simulations. See Murnane and Raizen (1988), p. 63. Accordingly, 
the NAEP staff has launched a pilot study of innovative hands-on tech- 
niques and exercises to simulate laboratory processes and analytical and 
interpretative skills needed for problem solving and reasoning of the type 
used in scientific experiments. See NAEP (1987). 

»^NAEP(1987),p.48. 

*^Seo NAEP (1988£j), pp. 40-50, for examples of assessment items that 
typify each level of performance. 
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T»xt table 1-1 . ParcMitagt of students at or 
above the five proficiency levels In aolenee, 
by age: 1977-86 

Assessment year 





Age 


1977 


i9o2 


<Haa 

1986 








-Percent 




• v : Knows everyday science 










i''--ffiCtS «t*t^««tti«tl 


9 


93.6 


95.0 


96.3 




13 


98.6 


99.6 


99.8 




1/ 




99.7 


AA A 

99.9 


./{Understands Simple 












9 


67.9 


70.4 


71.4 




13 


85.9 


89.6 


91.8 




17 


97.2 


95.8 


96.7 


/ . Applies basic scientific 












9 


26.2 


24.8 


27.6 




13 


49.2 


51.5 


53.4 




17 


81.8 


76.8 


80.8 


Analyzes scientific 












9 


3.5 


2.2 


3.4 




13 


10.9 


9.4 


9.4 




17 


41.7 


37.5 


41.4 


Integrates specialized 












9 


0.0 


0.1 


0.1 




13 


0.7 


0.4 


0.2 




17 


8.S 


7.2 


7.5 



Note; Se« appondix table 1 -2 (or defii.itions of proficiency levels. 
See appendix tables 1-2, 1-3, 1-4, and i-5. 
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lack the intellectual skills necessary to assess the 
validity of evidence or the logic of arguments, and 
who are misinformed about the nature of scientific 
endeavors. The NAEP data support a growing body 
of literature urging fundamental reforms in science 
education—reforms in which students learn to use the 
tools of science to better understand the world that 
surrounds them."'' 



Mathematics Achievement 

Findings from the 1986 mathematics NAEP assessment 
were similar to those from the science study. Recent math- 
ematics performance has improved somewhat, especially 
for students at ages 9 and 17. (See appendix table 1-6.) Since 
1978, blacks and Hispanics at ages 9, 13, and 17 made 
appreciable gains. All of these performance improve- 
ments, however, have been confined primarily to ttie 
lower-level skills. The highest level of performance at- 
tained by any substantial proportion of students in 1986 
reflects only moderately complex skills and understand- 
ings. Most students, even at age 17, do not possess the 
breadth and depth of mathematics proficiency needed for 
advanced study in secondary school mathematics." 

In the 14-year span covered by NAEP's four mathe- 
matics assessments, performance of 9-year-olds was stable 
between 1973 and 1982 and improved slightly between 
1982 and 1986. (See figure 1-5, figure 0-13 in Overview, 



Figure 1-5. 

National trenda In avaraga mathamatics 
achlavamant: 1978-66 



facts about thech-'racteristics of animals and the operation 
of familiar mechanical devices. Also, a significantly greater 
proportion of both 9- and 13-year-olds demonstrated 
knowledge of simple scientific principles in 1986 than in 
1977. In 1977, 68 percent of the 9-year-olds and 86 percent 
of the 13-year-olds showed the ability to understand sim- 
ple scientific principles. Nearly all of the 17-year-olds at- 
tained this level in the three latest assessments. 

It is of great concern that only about 15 percent of the 
black ard Hispanic 17-year-old students assessed in 1986 
demonstrated the ability to analyze scientific procedures 
and data, compared to nearly half the white students at 
this age. (See appendix table 1-5.) Of similar concern is that 
at age 17, roughly half the males, but only a third of the 
females, were able to analyze scientific procedures and 
data. 

Based on these analyses of levels of proficiency, espe- 
cially the fact that less than half of all high school shidents 
were able to analyze scientific procedures and data, the 
science educators who assisted in preparing the report 
concluded that: 

"In limiting opportunities for true .science learning, 

our Nation is producing a generation of students who 
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and appendix table 1-6.) Thirteen-year-olds showed some 
improvement between 1978 and 1986. For 17-year-olds, 
performance dechned slightly from 1973 to 1982, but 
showed an upturn between 1982 and 1986. 



"NAEP (1987), p. 17. 
'*NAEP (1988b). 
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Achievement by Minorities, At ages 9 and 13; black 
students have shown steady improvement across the 13- 
year period from 1973 to 1986; these improvements were 
most notable from 1978 to 1982 and again from 1982 to 
1986. (See figures 1-6, 1-7, and 1-8.) At age 17, bl'-'k stu- 
dents showed relatively consistent performance between 
1973 and 1978, before improving between 1978 and 1986. 
At age 9, Hispanic students improved slightly with each 
assessment. At the older ages, Hispanic students showed 
recent improvements, with the performance of 13-year- 
olds improving primarily between 1978 and 1982, and that 
of 17-year-olds improving primarily between 1982 and 



Figure 1-6. 

Trends In average math achievement for age 9, by 
race/ethnlclty: 1973-86 
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Figure 1-7. 

Trends In average math achievement for age 13, by 
race/ethnlclty: 1973-86 
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Factors Behind Changes in Test Scores 

A study by the Educational Testing Service (ETS) 
examined changes in the academic achievement of high 
school seniors (as measured by various test results, 
including the NAEP assessments) between 1972 and 
1980 and examined the school and student factors re- 
lated to these changes. (See Rock, et al, 1985.) The 
findings show that significant shifts in the character- 
istics of high schools and student behavior were related 
to test scores. Changes during the period studied at the 
school and student levels that seem to be most closely 
associated with lower test scores were: 

• A greater likelihood of being in the general or voca- 
tional curriculum rather than the academic curricu- 
lum; 

• A drop in the frequency with which students report 
taking "traditional" collf>ge preparation core courees 
such as foreign langu!?^ es, science, and/or courses 
Inquiring laboratory work; 

• A decrease in the amount of homework done; and 

• An increasing dissatisfaction among students with 
the lack of emphasis on academics in the schools. 

This dissatisfaction— shared by students of all socio- 
economic statuses (SES) and racial/ethnic groups— was 
the overall major factor associated with lower test 
scores. The impact of this shift in emphasis fell primar- 
ily on white and upper class students. On the other 
hand. Federal and state programs designed to strength- 
en skills in mathematics among low SES blacks appear 
to have contributed to the test score increase in mathe- 
matics among this group. 



1986. Because performance of white students remained at 
approximately the same level in 1986 as in 1973, while the 
black and Hispanic scores gained (particularly at age 13), 
the performance gap between these groups narrowed ap- 
preciably. 

Achievement by Females. Gender differences in math- 
ematics performance were smallest at age 9 and greatest at 
age 17; in 1986, 17-year-old males scored 5 points higher 
than females on the proficiency 3cale. (See appendix table 
1-6.) At age 9, females scored higher than males until 1986, 
when the scores were identical, due to a greater improve- 
ment in male scores than female scores between 1982 and 
1986. Females at age 13 scored higher than males in the first 
two assessntents; the reverse was true in 1982 and 1986, 
although both genders showed improved proficiency in 
1986 compared with 1973. 

Levels of Student Proficiency in Mathematics 

As in the science NAEP assessment, five levels of math- 
ematics proficiency were established, in this case by a team 
of mathematics educators.'^ 



"See footnote 9 and appendix table 1-7. 
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Figure 1-8. 

Trands In average math achievement for age 17, by 
race/ethnicity: 1973-86 
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• Simple arithmetic facts. 

• Beginning skills and understanding. 

• Basic operations and beginning problem solving. 

• Moderately complex procedures and reasoning. 

• Multi-step problem solving and algebra. 

The performance level associated with "moderately 
complex procedures and reasoning" represents the level 
of attainment recommended by the National Science 
Board (NSB) that all secondary students should achieve, 
including a variety of mathematical outcomes such as an 
understanding of the logic behind algebraic manipula- 
tions, a knowledge of two- and three-dimensional figures 
and their properties, and some more advanced objec- 
tives.'^ 

In 1986, only about half of the 1 7-year-old age group was 
able to attain the proficiency level recommended by the 
NSB. (See text table 1-2.) Moreover, only a small propor- 
tion of 17-year-olds (6 percent) showed the ability to do 
multi-step problem solving and algebra in the 1986 assess- 
ment. The percentage of students achieving at this level 
has remained essentially constant since 1978. This means 
that few students have, by their last j'ears of high school, 
mastered the fundamentals needed to perfo; m more ad- 
vanced mathematical operations. 

On a more positive note, in 1986— as in past assess- 
ments—virtually all students in all three age groups were 
able to perform elementary addition and subtraction. 
There was also some improvement in performing begin- 
ning skills and understanding: more 13-year-olds could 
solve the test items designed to measure bu'sic operations 
and beginning problem solving in 1986 (73 percent) than 



Text table 1-2. Percantage of atudenta at or 
above the five proficiency levela in mathematlca, 
by age: 1978-86 

Assessment yaar 



Proficiency level 


Age 


1978 


1982 


198a ' 

1 999 









■Peroent 




Simple arithmetic facts 


9 


96 6 


972 


97.8 




13 


99.8 


99.9 


100.0 ~ 




17 


100 0 


100 0 


100 0 ■ 


Beginning skills and 






'" 






9 


70.3 


71.6 


; 73.9 > 




13 


94.5 


97.6 


98.5 / ^ 




17. 


99 fi 


99 9 


fid a 


Basic operations and 










beginning problem solving . . 


9 


19.4 


18.7 


20.8 • 




13 


64.9 


71.6 


73.1 -v 




17 


92.1 


92.9 


96.0 : : 


Moderately cornptex 










procedures and reasoning . . 


9 


0.8 


0.6 


0.6 • 




13 


17.9 


17.8 


16.9 ; •. 




17 


51.4 


48.3 


61.1 ■ s; 


Multi-step problem solving 












9 


0.0 


0.0 


0.0 




13 


0.9 


0.5 


0.4 




17 


74 


5.4 


6.4 



Note: See appendix table 1-7 for definitions of proficiency levals. 
See appendix tables 1>6, 1>?, . 8, and MO 
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in 1978 (65 percent). Most of this gain occurred between 
1978 and 1982. (See appendix tables 1-8, 1-9, and MO.) 

Among the conclusions reached by the authors of the 
mathematics assessment was the following: 

"Too many students leave high school without the 
mathematical understanding that will allow them to 
participate fully as workers and citizens in contem- 
porary society. As these young people enter univer- 
sities and businesses, American college faculty and 
employers must anticipate additional burdens. As 
long as the supply of adequately prepared precol- 
legiate students remains substandard, it will be dif- 
ficult for these institutions to assume the dual respon- 
sibilit)' of remedial and specialized training; and 
without highly trained personnel, the United States 
risks forfeiting its competitive edge in world and 
domestic markets."" 

International Assessments of Science and 
Mathematics Achievement 

In recent years, two large-scale international assess- 
ments of science and /or mathematics have been conduc- 
ted. The first was performed in 1988 by the International 



'•NSB (1983), pp. 94-96. 



''NAKI'{1988b),p.9. 



26 

40 



i 



Assessment of Educational Progress (lAEP); it tested 13- 
year-old students in mathematics and science in five 
countries and four Canadian provinces.^^ The second as- 
sessmeiii^ by the International Association for the Evalua- 
tion of Educational Achievement (lEA), covered science in 
24 countries or systems. The lEA study included students 
at three levels: age 10, typically grades 4 or 5; 14-y ear-olds, 
or grades 8 and 9 — the point in secondary school when 
education in most systems is still full-time and compul- 
sory—and students who were enrolled in science in the 
terminal year of high school^^ In the VS., most students 
in the 12th grade who are still enrolled in science are taking 
physics or a second year course in some science. 

Both of these assessments point to the same conclusion: 
l^S. students perform poorly in science and/or mathe- 
matics compared with most of their counterparts around 
the world, 

International Assessment of Educational Progress. In 
the lAEP mathematics assessment, the U.S. ranked last 



^^n the lAEP study, test items were taken from the 1986 NAEP assess- 
ments of science and mathematics. 

^'At the time of preparation of this report, data were available for 15 
countries at age 10, 16 countries at age 14, and 14 countries at the terminal 
year of high school. 



among the five countries and four Canadian provinces,^^ 
(See figure 1-9 and appendix table 1-1 1 ,) Thirteen-year-old 
students in South Korea had the highest proficiency levels 
in mathematics— well above the mean— while the other 11 
populations clustered themselves into three lower*per- 
forming groups. 

In the 1988 lAEP science assessment, the U,S, was also 
among the lowest scoring populations, which included 
Ireland, French-speaking Ontario, and French-speaking 
New Brunswick, (See figure 1-10 and appendix table 1-12,) 
The students of British Columbia and South Korea were 
by far the highest scorers. The performances of about half 
the countries were clustered near the mean for all par- 
ticipants. 

To make informed judgments about the adequacy of 
student skills in science and math, the lAEP international 
tests were scaled at five points similar to the U.S. NAEP 
science and math assessments.^^ (See appendix tables 1-13 
and 1-14,) In mathematics, the results show that South 
Korean students were much more proficient in solving 



"Lapointe, Mead, and Phillips (1989), 

^Ibid.— see the Procedural Appendix for a discussion of statistical 
methodology used to scale the various levels of student proficiency. Also 
see footnote 9. 



Figure 1-9. 

Average math achievement for age 13, by country: 1968 
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Figure 1-10. 

Aytrage sclanca achievsment for age 13, by country: 1988 

(Achtevfment score) 



600 



600 



400 



300 



551.3 



■^■•VV,. 

fe 



ColumMt 



549.9 



South 

KOTH 



519.5 



515.3 



5147 



.>-i;',av. 



■■«iv ^ 

m 
m 



513.4 

v.- - v.' 



510,5 



503.9 



re. 



Un<t*4 
Kinodom 



Qu«b«e 

(Eneutfij 



onttfio 
(English) 



Ou«b«o 
(Frtnch) 



Brunsvvlcit 
(English) 



8p«in 




Onitrio 
(F/»neh) 



enmtAiOi 
(Fftnch) 



See appendix table 1-12. 



Scteflcs £ Englntering lncHGators^19$9 



complex problems than students in most other countries, 
including the United States. (See appendix table 1-15.) 
More than three-quarters of the 13-year-old South Korean 
students could use intermediate mathematical skills to 
solve two-step problems, compared with only 40 percent 
of the U.S. students. In terms of understanding measure- 
ment and geometry concepts and applying problem solv- 
ing to more complex mathematical problems, 40 percent 
of the South Korean, compared with only 9 percent of the 
U.S., students were successful. 

In science, over 70 percent of the 13-year-olds in both 
British Columbia and South Korea demonstrated the abil- 
ity to use scientific principles and analyze scientific data, 
compared with only 42 percent of the American students. 
(See appendix table 1-16.) Over 30 percent cf the students 
in British Columbia and Korea were successful In solving 
problems designed to measure the understanding and 
application of scientific knowledge and principles, com- 
pared with less than 12 percent of the students in U.S. 

lEA International Science Assessment.^* In the lEA in- 
ternational science assessment, students in Japan and 

"In the lEA science study, most of the countries conducted the assess- 
ment in 1983. In the U.S., two assessitienls were conducted, one in 1983 
and another in 1986, but the 1983 survey was marked by extremely low 
response rates and, as a result, these data are not shown here. See 
International Association for the Evaluation of Educational Achievement 
(1988), p. 26. 



South Korea (each with average scores of 15.4 out of a 
possible 24 correct answers to test items) were the top 
performers among 10-year-olds. U.S. students, along with 
those from a number of other countries, were in the middle 
with a mean score of 13.2. The 10-year-old studeats in the 
United Kingdom and Hong Kong were among the lowest 
scorers in the country rankings. 

By the intermediate level of schooling, Hungarian, Japa- 
nese, and Dutch 14-year-olds demonstrated the highest 
achievement, correctly answering roughly 20 to 22 of 30 
items. U.S. 14-year-oid students ranked third to last vith 
an average of about 17 items correct. 

At the terminal year of high school, among students who 
took biology, chemistry, or physics, students in Hong 
Kong and the United Kingdom were among the highest 
scorers, with the U.S. students ranking last in biology, 
third from last in chemistry, and fifth from last in pi .ysics. 
(See figures 1-11, 1-12, and 1-13; and appendix tables 1-17, 
1-18, and 1-19.) 

Thus, U.S. 10-year-old students in science ranked in the 
middle of the countries, lost ground by age 14, and scored 
at or near the bottom by the 12th grade. The opposite 
pattern is observed in Hong Kong and the United 
Kingdom, where 10-year-old students score relatively low, 
but— -by the terminal year of high school— move up in the 
international rankings. 

There are several possible explanations for this 
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Figure Ml. 

aeoras on biology test: among students taking biology In final year of high school, by country 
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phenomenon. In some countries, notably Hong Kong and 
the United Kingdom, secondary school students who are 
skilled in science are provided with the opportunity to 
study the science curriculum much more intensively than 
in the United States. Also, in some countries, high achieve- 
ment is associated with high student attrition rates. Stu- 
dents who do not achieve well drop out early. In Thailand, 
for example, where scores of 14-year-old students equaled 
those of U.S. students in the lEA study, only 32 percent of 
this age group is in school, as opposed to 99 percent of U.S. 
students. Thus, in-school 14-year-olds in Thailand are a 
select group of students. On the other hand, however, 
Japan— a country typically among the highest scoring 
ones in international assessments of science and mathe- 
matics — has a higher student retention rate than does the 
United States. 

Another possible explanation of why the U S. scores 
relatively low in international assessments of science and 
mathematics lies in the type of curriculum studied. Other 
studies have shown that the science curriculum in the 
United States is different from that in most other countries. 
In the United States, most public schools teach one science 
subject for one academic year and then move on to another 



discipline the following year; in contrast, the preferred 
approach in certain other countries is the parallel teaching 
of an array of disciplines over a period of years.^^ Other 
speculative explanations include family and community 
expectations and support. 

Computer Competency 

Overall, the computer competency assessment found 
that most students have used computers and have some 
familiarity with them, but that their competency is gener- 
ally low and largely restricted to relatively simple com- 
puter applications such as word processing. Further, 
comput(;rs are seldom used in subject areas such as math- 
ematics or science, but rather are largely confined to 
classes about computing and the use of computers.^^ 

More than 60 percent of 1 1 th graders correctly identified 
the word processing functions of ''search and replace," 
''insertion," and ''movement of text." (See appendix table 
1-20.) At all three grade levels tested, however, students 



^'Kleiiuind Rutherford (1985). 
^mEF (1988c). 
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did not have a clear grasp of graphics functions or the 
structure and functions of data bases. Only about 10 per- 
cent of 7th and 1 1 th graders practiced such applications as 
often as once a week. About two-thirds of these students 
had never written computer programs. 

White students averaged between 5 and 8 points higher 
on the computer assessment than did their black and 
Hispanic counterparts. White students also have a definite 
advantage over blocks and Hispanics in access to com- 
puters at home. Maic students have slightly higher 
computer competency than females, although differences 
in experience and instruction were small. Families of boys, 
however, were more likely to own computers: among 1 1th 
graders, 35 percent of boys had computers at home, com- 
pared with 25 percent of girls. 

More than half of grade 3 studei > ts have used computers 
in mathematics classes. But when 7th and 11th grade stu- 
dents were asked how often they used computers in var- 
ious subject areas, it became clear that computers are 
primarily coiifined to the school computer studies cur- 
riculum. (See appendix table 1-21.) High percentages of 
students never use a computer to practice mathematics, 
science, reading, or other skills from traditional subjects. 



(See text table 1-3.) Among those who used a computer to 
practice subject matter skills, only about 5 percent to 10 
percent did s j more than once a week. 



Text table 1-3. Computer use in subject areas, 
by grade level: 1986 

Have you used a computer in 

any of the following classes? Grade 3 Grade? Grade 11 







- Percent - 






.... 53.0 


39.4 


29.1 


Reading/English 


.... 25.0 


23.9 


16.9 






11.6 


15.4 






10.2 


4.6 


Art 




10,2 


4.6 




. . . . 16.9 


7.0 


3.9 
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Figure 1-13. 

Mmh seoras on physics test: among students taking physlpa in tlie final year of high school, by country 
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Note: Data are for 1986 In U.S. and for 1983 in other countrlos. 
See appendix table 1 «10. 
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Science and Engineering Interests of 
College-Bound Seniors 

An important indicator of the potential supply of scien- 
tists and engineers is the proportion of high school seniors 
who intend to major in S/ E fields in college. Based on tiie 
plans of college-bound seniors who take the Scholastic 
Aptitude Test (SAT), there has been a decline in the pro- 
portion of students intending to major in the more quan- 
titative sciencewS — math and statistics, the physical sci- 
ences, engineering, and computer science. (See figure 1-14 
and appendix table 1-22.)^^ During the 12-year period from 
1977 to 1988, the proportion of college-bound high school 
seniors who intended to major in these S/E fields doubled, 
peaking at about 20 percent in 1983, and then gradually 
declining to about 13 percent in 1988. 

Engineering is the most popular of the four quantitative 
fields; it has held its own since the early 1980s with be- 
tween 9 percent and 10 percent of college-bound seniors 
expressing an interest in majoring in it. This represents an 
increase over the 6 percent of students planning an en- 
gineering major in 1977. Interest in computer science 
dropped from a high of about 7 percent in the early 1980s 



Figure 1-14. 

Percentage of coltsge-bound seniors Intending to 
major In science and engineering: 1977-88 




1977 79 

See appendix table 1-22. 
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to less than 3 percent in 1988. Interest in both the piiysical 
sciences and math and statistics remained low throughout 
the 12-year period and has been declining, By 1988, less 
than 1 percent of the college-bound seniors planned to 
major in each of these fields. 

In 1988, 24 percent of the black males, and 21 percent of 
white males, intended to major in a quantitative science. 
Only 11 percent of black females and 5 percent of white 
females expressed an interest in majoring in these fields. 
Regardless of race, males were more likely to be interested 
in the applied engineering subfields than were females. 

Academic Persistence of High-Ability 
Minority Students 

Are minority students who test high in ability and ex- 
press an interest in becoming scientists and engineers 
more or less likely than whites to persist in preparing for 
these fields? How do those who persist differ from those 
who don't? To address these issues, a recent study con- 
ducted by the Educational Testing Service sampled 5,000 
minority high school seniors who (1) scored 550 or above 
in mathematics on the SAT, and (2) said they plaimed to 
major in math, science, or engineering. 

By the spring of 1987 (2 years after taking the SAT), 61 
percent of the total sample had enrolled in college and 
were actually majoring in an S/E field or intended to do 
so.'^ This proportion greatly exceeds the comparable per- 
centage for the general population of minority students. 
The persistence rate of high-ability minority students was 
about twice that of their counterparts in the general pop- 
ulation. The comparable persistence rate for high-ability 
white students was 55 percent. 

Those who persisted were different from those who did 
not in several important aspects. The persisters were much 
more likely to participate in high school math and science 
courses and related extracurricular activities. More than 
hdh of the persisters had taken high school honors courses 
in science and mathematics, and two-fifths had taken 
Advanced Placement (AP) mathematics courses. (See ap- 
pendix table 1-23.) In this regard, a recent study using High 
School and Beyond data shows that senior nigh schools 
serving predominately poor students typically offer fewer 
AP courses.^' Ahnost two-thirds of high socioeconomic 
status schools offer AP courses, but less than one-fifth of 
schools in low-SES communities offer them. Science and 
i^iath clubs, college-based minority science and engineer- 
ing recruitment and enrichment programs, and science 
fair/ independent research projects also seem to have been 
influential in their persistence in science and mathematics 
studies. 



OPPORTUNITIES TO LEARN SCIENCE 
AND MATHEMATICS 

As previously n,)ted (see p. 21), a recent National Re- 
search Council report on precollege science and mathe- 
matics education recommended that (1) course enrollments 



2«Hmon,etal. (1989). p. 152. 
^''Eckstrom, Goertz, and Rock (1988), p. 50, 



in secondary school and (2) instructional time in the elemen- 
tary and middle schools be used as key indicators in an 
integrated system of information about science and math- 
ematics learning. Accordingly, this section deals with 
these indicators. 



Course Enrollments in Secondary Schools^ 

A recent study for the U.S. Department of Education 
found that long-term patterns of high school course offer- 
ings have shifted, particularly in the "general" track.'* For 
one thing, the proportion of students in this track dropped 
from 35 percent in 1982 to 17 percent in 1987; nearly all of 
this change reflected movement into a more rigorous aca- 
demic curriculum. As a result, students in 1987 took an 
average of one semester more of mathematics than they 
did in 1982, and enrollments in advanced math classes 
(geometry, second-year algebra, trigonometry, and cal- 
culus) were up by about a third. (See appendix table 1-24.) 
The numbe* of students in pre-calculus had more than 
doubled, while enrolhnent in remedial mathematics was 
down by a third since 1982. 

Course-taking in science was also up over the 6-year 
period. (See appendix table 1-25.) While only 75 percent of 
1982 high school graduates had taken a whole year of bi- 
ology, 90 percent had done so by 1987. The number of 
students taking a year of chemistry increased from 31 
percent to 45 percent. Similarly, the average percentage of 
graduates taking a full year of physics increased from 14 
percent to 20 percent. 

Proportionally, there were greater increases in course- 
taking in science, mathematics, foreign languages, and 
computer science than in the other academic subjects, 
reflecting the emphasis in state reform movements on 
these areas. (See figure 1-15 and appendix table 1-27.) For 
example, the average high school graduate took 2.2 credits 
of science in 1982, compared with 2.6 credits in 1987. More 
time for core curriculum subjects such as science and 
mathematics was accompanied by relatively small de- 
creases in vocational educatirn programs. In addition. 



"An apparent inconsistency is that while student course-taking in 
secondary math and science has been increasing in recent years, overall 
student achievement in these subjects has remained relatively static. In 
this regard, it should be noted that increases in secondary science and 
mathematics course-taking, as well as the recent increases in some stu- 
dent asscisment scores, may portend improvements for the future. Stu- 
dent learning depends on many things besides time spent on a subject. 
However, the educational reform movements implemented by state and 
local agencies in the 1980s cannot be expected to have immediate impacts 
and their full efff :ts may not be seen for some time. In addition, student 
learning is not only a function of the quantity of time spent on a subject, 
but also the quality of the curriculum, teacher effectiveness, student 
interest in particular subjects, availability of adequate laboratories and 
facilities, and family and community expectations. 

•^'In this study, transcripts of 1987 high school graduates were com- 
pared with transcripts of 1982 graduates to describe changes in course- 
taking across this 6-year period. The analyses were based on approx- 
imatelj 15,000 transcripts of 1987 graduates obtained as part of the 1 987 
High School Transcript Study and 12,000 transcripts of 1982 graduates 
who participated in the High School and Beyond project. See Westat, Inc., 
(1988). 
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Racial, Ethnic, and Socioeconomic Aspects of 
Opportunities to Learn Science and Math in 
Secondary Schools 

E)espite recent gains, the average science and math 
achievement of 13- and 17-year-old black and Hispanic 
students remains several years behind that of theh 
white peers. One possible explanation of the relatively 
poor performance of minority students is that they have 
fewer opportunities to learn these subjects and that the 
opportunities they do have are of less quality than those 
available to white students. To assess this situation with 
respect to science and ntathematics, a recent study by 
the RAND Corporation attempted to provide a com- 
prehensive set of analyses to determine if and how 
disparities in school opportunities disadvantage poor 
and minority students. 

Based on preliminary analyses of data from the 1986 
National Survey of Science and Mathematics Education 
(Weiss, 1987), the RAND study showed that a pattern 
of uneven distribution does exist. For example, based 
on teachers' reports of their perceptions of the general 
science and math abiUty of students enrolled in their 
classes, students who attend schools with high minority 
enrollments are far more likely than other students to 
be enrolled in low-ability science and math classes and 
far less likely to be in high-ability classes. (See Oakes, et 
al., n.d.) Student enrollment in classes that teachers 
perceive to be of "high ability" was only 16 percent in 
schools where nonwhites comprise more than 90 per- 
cent of the school population, while 43 percent were 
enrolled in "high-ability" classes in schools where 
white students made up more than 90 percent of the 
total enrollment. (See appendix table 1-28.) 

The same patterns are evident when student ability 
in science and math is compared with socioeconomic 
status, as measured by the percentage of students with 
parents who are unemployed or on welfare and the 
percentage of students with parents in professional or 
managerial occupations. As secondary schools become 
more affluent, they have fewer classes at low-ability 
levels and more at high-ability levels. 

The study authors concluded that poor and minority 
students are more likely to find themselves in low- 
ability classes and in courses focused on "general" 
math and science content. Consequently, students have 
less access to the topics and curricular objectives that 
could prepare them for successful participation in aca- 
denuc courses in math and science. On the other hand, 
whites and students from more affluent families are 



:.:;.Rgurd 1-15. 

XMsan number of credits earned by high school 
..graduates: 1982 and 1987 

:V' i(Mean credits earned) 

5 I 




English Histoty Math Science Computer 

science 



Sse appendix table 1-27. Sclencei Engineering indiGatore^lSBS 



some high schools appear to be lengthening the school 
day, shortening class periods, and placing less emphasis 
on noncredit courses such as study hall, gym, and driver's 
education.^^ 

There was a substantial increase in the proportion of 
high school graduates taking Advanced Placement cour- 
ses in mathematics and physics. For example, the propor- 
tion of graduates taking AP/ honors calculus courses in- 
creased from 1.5 percent in 1982 to 3-4 percent in 1987; 
AP/honors physics increased from 1.1 percent to 1.8 per- 
cent. Simultaneously, the proportion of students in 
AP/honors biology decreased from 6.6 percent to 3.0 per- 
cent; chemistry essentially held its own (going from 2.9 
percent to 3.1 percent). As a result, 66,227 secondary stu- 
dents took the AP mathematics exam in 1988 compared 
with 31,918 students in 1982. Similar numbers for the AP 
physics exam were 15,266 in 1988 and 6,804 in 1982.^^ 

Course-^Taking Trends Among Minorities. There were 
notable increases in the average number of credit hours 
taken in mathematics among all racial and ethnic groups. 
(See figure 1-16 and appendix table 1-26.) The largest 
increases were shown for Asians, who also took the great- 
est number of credits in mathematics in both 1982 and 
1987. 

Course-Taking Trends for Females. The rate of growth 
for course-taking by female high school students in math- 
ematics was considerably higher than for males, but the 
average number of credits taken remained higher for 
males than for females. Females took an average of 2.93 
credits in mathematics in 1987, up from 2.46 credits in 1982. 
Comparable figures for males were 3.04 credits in 1987 and 
2.61 credits in mathematics in 1982. The average number 
of credits taken in science by males and females went up 
equally— from 2.25 to 2.69 (males), and from 2.13 to 2.57 
(females). (See appendix table 1-27.) 



^^Judy McNeil Thome, the Weslat, Inc., project director of 1987 High 
School Transcript Study (personal communication), 
^he College Board (1988). 



more likely to be identified as able leamei^, placed in 
academic classes, and have greater opportunities to 
take the critical courses (such as advanced mathematics 




and calculus) necessary for successful science and math 
achievement in higher education. In this regard, a re* 
cent study comparing course-taking patterns between 
1982 and 1987 found that while black high school grad- 
uates in 1987 were more likely than in 1982 to study all 
subjects except calculus, they continued to lag substan- 
tially behind white graduates in advanced math cour- 
ses. (See ETS, 1989, pp. 4-5.) The course-taking patterns 
for Hispanics generally resembled those of blacks. 



Figure 1-16. 

Mean number of credits in mathematics earned by 
;b^8h school graduates, by race/ethnlei^: 1982 and 
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Science and Mathematics Instruction in Elementary 
and Middle Schools^ 

The amount of time spent teaching science and mathe- 
matics in elementary schools remained substantially the 
same between 1977 and 1986. (See appendix table 1-29.) An 
average of only 18 minutes per day was spent on teaching 
science in 1986 at grades K-3, compared with around 29 
minutes in grades 4-6. Substantially more time was de- 
voted to mathematics at both grade levels. At grades K-3, 
an average of 43 minutes per day was spent on mathe- 
matics in 1986; and around 52 minutes in grades 4-6. 

On average, in both 1977 and 1986, elementary school 
teachers reported spending the greatest amount of class- 
room time in teaching reading; this was followed by time 
for mathematics, social studies, and science, (See figure 
M7.) ^ 

More specifically, when teachers of third grade students 
were asked how much time they spent teaching science 
compared with carrying out other classroom activities 
during a typical week, half reported spending only 1 to 2 
hours each week providing science instruction. About 20 
percent of the teachers reported spending less than 1 hour 
per week teaching science. Only 5 percent reported spend- 
ing 5 or more hours per week on science. (See appendix 
table 1-30.) 



^Recent data on student exposure to science instruction in elementary 
and middle schools are available from two sources: (1) for all grades at 
each level in 1977 and 1985-86 from the National Survey of Science and 
Mathematics Education (Weiss, 1987), and (2) for 1986 at ages 9 and 13 
(generally grades 3 and 7) from thescienceand mathematicsassessments 
conducted by the National Assessment of Educational Progress (NAEP, 
1988a and 1988b). !n the 1986 National Survey, teachers were askcii to 
report the number of minutes spent in their most recent lesson in a 
particular subject. 



At grade 7, the amount of time spent teaching science 
still appears to be relatively low, with approximately half 
of the seventh grade teachers reporting that they devoted 
3 hours or less to science instruction each week. Only 14 
percent of the teachers reported that they spent 5 hours or 
more each week teaching science. 



Classroom Activities 

When teachers were asked as part of the 1986 National 
Survey to indicate what took place during their most 
recent lessons in science and mathematics classrooms, 
they said that most science lessons included lecture and 
discussion rather than hands-on activities. Use of hands- 
on activities was more common in elementary school (51 
percent of lessons) than in secondary school (43 percent in 
grades 7-9 and 39 percent in grades 10A2)?^ 

Approximately two-thirds of elementary science teach- 
ers, and more than three-quarters of secondary teachers, 
indicated that they believe that laboratory-based activities 
are more effective than nonlaboratory classroom practices 
(including lectures). Fewer than 5 percent of the sampled 
teachers in each group agreed with the statement "Hands- 
on science experiments are not worth the time and ex- 
pense." Despite this attitude, experiments conducted in 
laboratories constitute less than a quarter of the time spent 
in science classrooms. 

At least part of the reason why hands-on science ac- 
tivities are not more prevalent is because many schools 
lack access to laboratories. In the 1986 National Survey^ 38 
percent of all elementary teachers surveyed reported that 
their classrooms have no science materials or facilities. In 
the 1986 NAEP assessment, slightly less than half of all 
secondary teachers reported that they had access to a 
general-purpose laboratory for use in teaching science. 
(See text table 1-4,) And only one-fifth of the seventh grade 
teachers had access to more specialized facilities (i.e., a 
biology or chemistr)' laboratory). 



^Weiss (1987), pp. 47-51. 



Text tabia 1-4. Teacher access to laboratoty 
facilities, by grade level: 1986 



Grade 7 



Grade 11 



Percent responding "yes" 



Do you tiave access to a general 
purpose laboratory for your 
teaching? 



Do you have acu iss to a 
specialized eciertce laboratory for 
your teaching? 



46 



20 



45 



64 



SOURCE: NAEP (1 9B8a). p. 06. 
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special analyses of the 1986 NAEP data indicate that 
innovative classroom practices (such as problem solving 
and conducting experiments in connection v^ith labora- 
tory exercises) are likely to be associated v^ith higher sci- 
ence proficiency. To conduct these analyses, students v^ere 
asked to report how often they solved problems, con- 
ducted experiments alone or with other students, wrote up 
the results of experiments, read articles on science, and 
presented oral or written reports. Responses to these ques- 
tions were ranked as "low/' "medium," or "high." Stu- 
dents whose teachers often lectured and seldom engaged 
the class in experimentation were at the low end of the 
scale. Those whose teachers used more innovative tech- 
niques such as hands-on science experiments and hypoth- 
esis testing were ranked at the high end of the scale. 

These student-reported types of classroom activities 
were correlated with actual student achievement scores 
for the same students. Figure 1-18 shows a positive re- 
lationship between science proficiency and innovative in- 
structional activities, even though, as noted above, these 
practices are relatively rare. The report summarizing the 
1986 NAEP data on these questions indicates, however, 
that it is not possible to determine whether students with 
greater science proficiency tend to be placed in classes that 
consist of more innovative curricular activities — or wheth- 
er these activities yield higher proficiency.^^ The rela- 
tionship between innovative instructional activities and 
student proficiency is confounded further by positive cor- 
relations between student achievement and a number of 
other significant factors, including the use of science 
equipment in the classroom, the ability of the school to 
instill positive student attitudes toward science, and the 
beliefs students hold regarding science's applicability in 
helping remedy human and environmental problems. 



^NAEP(1988a).p.97. 
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Classroofu Science and Mathematics Practices in Other 
Countries. The lAEP international science assessment 
found that students in the U.S. v^ere the least involved in 
laboratory experiments and other types of hands-on ac- 
tivities of any of the six co^mtries in the assessment. 

In terms of mathematics instruction, however, detailed 
analyses of eighth grade data from the more extensive 
1981-82 Second International Mathematics Study showed 
that there is a great deal of similarity in teaching practices 
in the eighth grade around the world. Sli^^^ tly more than 
a third of the teachers in that study reported that the 
majority of class time in mathematics was taken up with 
the whole class working together as a group, either listen- 
ing to the teacher lecture or participating in discussions. 
Teachers in the participating countries reported spending 
comparatively little time in small group instruction. In all 
countries studied, more than 75 percent of the teachers 
reported spending less than 25 percent of their class time 
in small groups.^^ 

Classroom Activities, as Reported by Students. In the 
1986 NAEP assessments of science and mathematics, stu- 
dents were asked to report on their teachers' instructional 
practices and the kinds of learning activities featured in 
their science and mathematics classrooms. While most 
science educators encourage the use of hands-on activities, 
science instruction continues to be dominated by teacher 
lectures and the reading of textbooks. In fact, the instruc- 
tional technique reported most often by students was read- 
ing science textbooks: over half the students in grades 3, 7, 
and 11 stated that they read textbooks daily or weekly. 
Other learning opportunities appear to be neglected. For 
example, over half the students in third grade said they 
never went on field trips with their science classes. Of the 
. students in grade 7: 

• Over four-fifths never went on science field trips, 

• Over half never wrote up the results of experiments, 

• About half reported that they never conducted inde- 
pendent science experiments, and 

• Nearly half said they never did oral or written reports 
for science classes. (See appendix table 1-31.) 

Among 11th grade students: 

• 90 percent reported that they had never done experi- 
ments alone, although approximately half reported 
that they had performed experiments on a weekly 
basis with other students; 

• Slightly more than half reported never doing oral or 
written reports; and 

• Nearly half reported never having gone on field trips 
or written up results from science experiments. (See 
appendix table 1-31.) 

Similar results were shown for mathematics teaching, 
where routine instructional approaches predominate. 



^^Burstein (in press). 
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Use of Calculators and Computers in the Clas^ 

In the 1986 NAEP mathematics assessn relatively 
few students reported having access to calculators in 
school. Only 15 percent of all third graders have calcu- 
lators fcr use in mathematics classes and only 21 percent 
of the seventh grade students and 26 percent of the senior 
high students used them in mathematics classes at school. 

Larger numbers of students reported using computers for 
mathematical purposes, e.g., for learning mathematics 
through computer instruction, solving mathematical 
problems, or learning computer programming. Studying 
aspects of mathematics through computerized instruction 
seems to peak in junior high school: 39 percent of the 
13-year-olds reported having computerized mathematics 
instruction, compared with only 22 percent of the 1 7-year- 
olds. At age 17, access to computers more than doubled 
between 1978 and 1986; however, most of the increases 
have occurred in connection with initial high school math- 
ematics courses, such as pre-algebra and algebra I (first 
year). 

Amount of Science and Mathematics Homework 

Both the 1986 National Survey and the 1986 NAEP 
assessment obtained data on time spent on science and 
mathematics homework. In the National Survey, teachers 
of science and mathematics were asked to estimate the 
average amount of time a typical student in a randomly 
selected class spends on homework during the week. In 
the NAEP assessment, students in the 7th and 11th grades 
were asked to report how much time they spent on home- 
work each week. 

The findings show that the average amount of tune 
spent on homeworl; in both science and mathematics is 
relatively small but increases with grade level; also, more 
time is spent on mathematics homework than on science 
homework.^ For instance, almost half of all high school 
students spend no time (12 percent) or less than 1 hour (36 
percent) on science homework per week. Almost two- 
thirds of all students in the seventh grade spent less than 
1 hour each week on science homework. 

Analyses based on the 1986 NAEP assessment data 
show that a reasonably consistent relationship exists be- 
tween the total amount of homework done and student 
proficiency in science and mathematics for grade 11 stu- 
dents, but not at the 7th grade. In both mathematics and 
science for the 11th graders, the more homework, the 
higher the proficiency. (See appendix table 1-32.) At the 
junior high school level, no consistent relationship appears 
to exist between homework and proficiency, although 



^Despite the relatively small amount of time spent on mathematics 
homework by most students, reports by 13- and 17-yCiir-olds indicate a 
dramatic increase in general homework being assigned each day, par- 
ticularly between 1982 and 1986. In 1982, 73 percent of the 13-ycar-olds 
reported being assigned homework in general on a daily basis. This 
percentage increased to 96 percent in 1986. Results for 17-year-olds were 
similar, with 70 percent reporting assigned daily homework in 1982, 
compared to 94 percent in 1986. Data on trends in the amount of time 
spent on mathematics homework are not available. See NAEP {1988b), 
p. 107. 



seventh grade students who reported spending no time 
each week on science homework had the lowest science 
proficiency. 

INDICATORS OF TEACHING/EDUCATION 
QUALITY AND QUANTITY 

The recent NRC report on precoUege science and math- 
ematics indicators pointed out that teacher quality and 
quantity was a key variable associated with student 
achievement. This section, accordingly, contains data on 
college courses teachers have taken as quality indicators. 
Teacher quantity is explored using data on supply and 
demand and teacher career patterns. 

Teacher Preparation 

In recent years, there has been considerable concern that 
teachers of science and mathematics may be poorly trained 
and /or inadequately prepared to teach these subjects. For 
example, a report by the American Association for the 
Advancement of Science states: 

"Few elementary school teachers have even a ru- 
dimentary education in science and mathematics, and 
many junior and senior high school teachers of science 
and mathematics do not meet reasonable standards of 
preparation in those fields/'^^ 

Furthermore, an NRC report prepared in response to the 
need to revitalize mathematics and science education, 
points out that: 

"Too often, elementary teachers take only one course 
in mathematics, approaching it with trepidation and 
leaving it with relief. Such experiences leave many 
elementary teachers totally unprepared to inspire 
children with confidence in theii own mathematical 
abilities. What is worse, experienced elementary 
teachers often move up to middle grades (because of 
imbalance in enrollments) without learning any more 
mathematics."^ 

To address these issues, a special tabulation was pre- 
pared of course-taking data for teachers of science and 
mathematics. These teacher preparation data — taken from 
the 1985-86 National Survey of Science and Mathematics 
Education — were compared with the preservice standards 
recommended by the National Science Teachers Associa- 
tion (NSTA) and the National Council of Teachers of Math- 
ematics (NCTM).'*! 

Elementary School Teachers. NSTA has recommen- 
ded that elementary teachers have at least one course in 
each of the three major areas of science— biological/life, 
physical, and earth/space— along with a course devoted 
to methods of teaching science. While large proportions of 
the elementary school teachers of science in the 1986 Na- 
tional Survey had taken at least one course in methods of 



^'*AAAS(1989), p. 13. 
<«NRC(1989), p. 64. 
♦^Weiss (1988a) and (1988b). 
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teaching science (88 percent), biology (86 percent), the 
physical sciences (72 percent), and the earth/spaco sci- 
ences (44 percent), only 34 percent meet all of NSTA's 
recommended standards. (See appendix table 1-33.) Five 
percent of the teachers responsible for instruction of 
elementary science have had no college coursework in 
science; another 17 percent have had only one college 
science course; in most cases, this was a course in biology. 

NCTM recommends that elementary teachers of mathe- 
matics have at least one course each on (1) number systems 
through the rational numbers; (2) informal geometry in- 
cluding measurement, graphing, geometrical construc- 
tions, similarity, and congruence; and (3) methods of 
teaching mathematics" While nine-tenths of elementary 
school teachers of mathematics have completed a course 
in mathematics for elementary school teachers, and an 
equal percentage have had a course in methods of teaching 
mathematics, less than one-fifth have completed an ap- 
propriate geometry course. (See figure 1-19.) Only 18 per- 
cent of elementary school teachers of ma thematics meet all 
of NCTM's recommended standards. (See appendix table 



For the purposes of these analyses, any teacher who has completed a 
course in mathematics for elementary or middle school teachers, a course 
in geometry for elementary or middle school teachers, and a course in 
methods of teaching mathema tics is considered to have met these require- 
ments. 



1 -34. ) At the low end of the scale, 8 percent of these teachers 
have had no more than one of the three recommended 
courses. 

Middle/ Junior High School Teachers. NSTA has taken 
the position that teachers of scicna' at the middle school 
level should be prepared as science generalists rather than 
as specialists in a particular science discipline. NSTA rec- 
ommends that these teachers have a minimum of 36 
semester credit hours in science, with at least 9 hours each 
of life, earth, and physical sciences, as well as a course in 
methods of teaching science. About two-thirds of all 
teachers of science in grades 7-9 meet the credit hours 
requirement; 4 however, only 22 percent have the spe- 
cified distribution of science courses. (See appendix table 
1-35.) An additional 2 percent meet the science standards 
but have not had a course in science teaching methods. 

NCTM recommends that middle school teachers of 
mathematics have college coursework in five areas of math- 
ematics (calculus, geometry, abstract algebra/ number 
theory, applications of mathematics, and probability and 
statistics), computer science using a high-level program- 
ming language, and methods of teaching mathematics. 
Only 14 percent of grades 7-9 teachers of mathematics fully 
meet these standards. (See appendix table 1-36.) 



*^^ince most science courses are either 3 or 4 credit hours, the 36-hour 
recommendation by NSTA is roughly equivalent to 11 science courses. 



Figure 1-19. 
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High School Teachers. According to NSTA, secondary 
science teachers should have a minimum of 50 semester 
credit hours of coursework in science, with at least 32 
hours (eight courses) of specifically designated courses in 
their area of specialty. Although a relatively high number 
of biology teachers meet the requirement of eight courses, 
only 29 percent of these teachers meet all of the NSTA 
recommendations. This is, in most cases, because they lack 
one or more of the specific biology courses listed. Similar* 
ly, less than one-third of the chemistry teachers, and only 
12 percent of physics teachers, meet the full NSTA stan- 
dards. (See appendix table 1-37.) 

According to NCTM guidelines, high school mathcnmtics 
teachers should have an extensive math background, in- 
cluding three courses each in calculus, linear algebra, ab- 
stract algebra, college geometry, probability and statistics, 
applications of mathematics, history of mathematics, as 
well as other upper-level coursework (e.g., applied math- 
ematics from either classical continuous fields or the 
emerging discrete fields of mathematics). NCTM also rec- 
ommends coursework in computer programming and 
methods of teaching mathematics. A total of 54 percent of 
grades 10-12 mathematics teachers come close to meeting 
these standards, typically lacking only one or two of the 
recommended mathematics courses and /or a course in 
computer programming. However, only 15 percent of sec- 
ondary school math teachers meet all of the NCTM stan- 
dards. (See appendix table 1-38.) 

Professional Development of Teachers. Based on the 
inadequacies noted in science and mathematics prepara- 
tion alone, there is considerable need for additional train- 
ing of teachers. Moreover, the 1986 National Survey noted 
that from one-quarter to one-half of teachers had not taken 
a course in the subject they teach in the 10 years prior to 
the survey. (See figure 1-20.) Also, while many teachers 
participate in professional meetings, workshops, and con- 
ferences related to the subject they teach, the amount of 
lime they devoted to these professional development ac- 
tivities was typically fewer than 6 hours during the pre- 
vious 12 months.'** 



Teacher Supply and Demand 

Over the past several years, numerous studies have 
pointed to a shortage of adequately trained teachers of 
science and mathematics, predicting that shortages will 
become worse over time as enrollments rise and the supply 
of new teachers falls.*^ Educational leaders have tried to 
respond to these conditions through such measures as 
differential pay for teachers in shortage areas (including 
science and mathematics), salary increases for teachers 
across all fields, and tuition support for teacher training 
and retraining. For example: 

• The Houston school disirict provided incremental 
pay for all teachers designated in shortage categories 
from 1982 to 1987. Mathematics, science, and bilin- 



Figurel-20. 
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gual teachers were awarded the highest annual incre- 
ments. 

• New mathematics and science teachers were given 
higher initial salaries in Dade County, Florida. 

• Salary contracts in Boston, Detroit, and Hartford con- 
tain provisions that allow new teachers in shortage 
areas to be paid more than their current experience 
would dictate."^ 

The 1985-86 National Survey of Science and Mathe- 
matics Education asked principals to report on the difficul- 
ty of hiring qualified high school teachers.'^^ The results 
show that over half the principals in the national sample 
said that their schools had trouble hiring fully qualified 
teachers in physics, chemistry, computer science, mathe- 
matics, and foreign languages. (See figure 1-21 .) Rural high 
schools were more likely than suburban schools to ex- 
perience difficulty in recruiting qualified mathematics, 
biology, earth science, special education, and general sci- 
ence teachers. This difficulty was especially apparent in 
certain subjects. In biology, for example — which is offered 
by nearly all high schools — half of the rural school prin- 
cipals said they had difficulty recruiting teachers versus 
only 13 percent of suburban school principals. 

Career Pattcrits of 1 eachers, by Teaching Specialty 

Until recently, very little has been known about teacher 
career patterns. How long does the average teacher stay in 
the teaching profession? How many teachers return to 
teaching after a career interruption? Do career patterns 
differ by teaching specialty? Recent research has attempted 



**Weiss(1987), p. 113. 
*^NRC(1987). 



^^'Darling-Hammond (1988). 
^^Weiss{1987). 
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SOURCE: W«l«s(1987). 
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Figure 1-21. 
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to address these questions .« In these investigations, the 
career patterns of beginning teachers were tracked in three 
states (Michigan, North Carolina, and Colorado) as follows: 

• Ouring their initial employment— i.e., the first spell; 
and 

• In cases where teachers left the field and returned to 
a teaching position at a later time, during this second 
period of employment as a teacher— i.e., the second 
spell. 

The research revealed that attrition rates differ signifi- 
cantly for teachers with different subject matter specialties. 
In Michigan, for example, chemistry and physics teachers 
were more likely to leave teaching after only a few years 
in the classroom than were teachers in any other specialty. 
In fact, only 45 percent of the physics teachers, and 49 
percent of the chemistry teachers, were still in the class- 
room 6 years after they started teaching. In contrast, by the 
of 6 years, 61 ptixceui of historv tearhprs anH 69 norcent 
ui biuiogy teachers were still in the classroom.*' * ^ 

In all three states, high school teachers have shorter 
first-spell lengths than do elementary school teachers. (See 
appendix table 1-39.) And, among high school teachers, 
chemistry and physics teachers have shorter average first- 
spell lengths than teachers of other academic subjects. In 
both North Carolina and Michigan,5o the average begin- 



"Murnane and Olsen (1989). 
*'Murnane(1987). 

"Chemistry and physics teachers cannot be distinguished from bioloKV 
teachers in the Colorado data. 



ning teacher of chemistry and physics spent less than 5 
years in the classroom, versus an average of around 7 years 
for teachers of social studies and mathematics. 

In terms of those who return to teaching after a career 
interruption, chemistry and physics teachers again have 
the largest rates of attrition. Only 16.3 percent of the chem- 
istry and physics teachers in North Carolina, and 14.6 
percent of those in Michigan, rehimed to the classroom 
after initially teaching less than 6 years, compared with 
22.6 percent and 22.5 percent, respectively, of the social 
studies teachers in each state. (See appendix table 1-40.) 

Thus, chemistry and physics teachers have the shortest 
teaching careers. Not only do they leave teaching earlier 
than do teachers of other subject specialties, they are also 
less likely to return. This pattern suggests that, because of 
their higher rates of attrition, teachers of chemistry and 
physics will be in greater demand than other subject mat- 
ter teachers in the future. And while teachers returning to 
the classroom will probably continue to be a significant 
smirce ui fuLiirc ?tinply in some areas (e.g., elementary 
school teaching), they probably wil! not constitute a major 
source in chemistry, physics, and mathemaiic "' 
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EDUCATION REFORM MOVEMENTS 

The continuing current high level of Federal and state 
policy concern with the performance of America's school 
children in science and mathematics was underscored by 
the unprecedented and widely publicized "Education 



"Murnane, Singer, and WiUctt (1988). 



40 

lERIC 54 



Summit'' in September 1989, at which the President met 
with the governors of 49 states to endorse coordinated 
\y; pohcies to improve precoUege education.^^ This section 
nighhghts the various ongoing initiatives occurring at the 
state level to improve education quality, 

: : State Reform Movements 

f During the 1980s, while various prestigious national 
r:^: commissions gathered to study the shortcomings of Amer- 
ica's schools and to make recommendations to improve 
their performance, states also engaged their own review 
> panels. Between early 1982 and mid-1983, states initiated 
; 130 commissions or task forces to look at their own educa- 
y tional practices. By 1984, as many as 290 high-level state 
Z: commissions were studying the quality of public educa- 
tion. The Education Commission of the States reported 
that many states had separate commissions working at the 
behest of the governor, state legislature, and the chief state 
school officer.^ Findings, and the proposed and / or imple- 
mented solutions these findings have generated/ are de- 
scribed in the following paragraphs. 

Reforms in Stud^'.nt Preparation. In the area of student 
preparation/ refom^ activities have been undertaken in 



"See New York Times (1989). 
"Kirst(1987). 



setting curricular guidelines and raising curricular re- 
quirements for high school graduation and, at the elemen- 
tary school level, raising the amounts of time devoted to 
science and mathematics instruction. Also, there is in- 
creased concern with assessment of student skills. 

Although there is a great deal of variation from state to 
state, influence is generally exerted over the content of 
science and mathematics instruction through curricular 
frameworks, guides, textbook selection, and statewide as- 
sessment. Forty-seven states have curricular guidelines in 
science and mathematics: 27 states have recommended 
guidelines and 20 have required guidelines.^ 

Forty-six states raised curricular requirements in scien^ 
and mathemat. s at the high school level during 
1980s.5'^ By 1986, the average number of years of coui : i 
work required in '/jience was 1.8 for public schools and 2.5 
for private schools; comparable data for mathematics were 
1.9 and 2.8 years. For both science and mathematics, the 
amount of coursework required is still short of the three 
credits recommended by the National Commission on 
Excellence in Education. (See figure 1-22.) 

At the elementary school level, 25 states have recom- 
mended minimal amounts of time that should be devoted 
to science and mathematics instruction. At the lower ele- 
mentary level, the range is from 20 to 30 minutes per day; 



5*Moyer(1987),p.l! 
^^Capper (1988), p. iv. 
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in upper elementary grades, the recommended amount is 
from 35 to 45 minutes per day. The recommendation for 
mathematics is approximately 1 5 minutes per day more at 
each level. 

Almost every state has a statewide testing program of at 
least one grade level, primarily assessing basic skills of 
mathematics and reading or language arts. Assessment 
programs are growing, however, and 30 states now assess 
students' science knowledge and skills and 43 assess math- 
ematics outcomes.* 

Refonns in Teachers and Teaching, When asked to 
identify major problems that their states face in improving 
science and i. athematics instruction, the majority of state- 
level policymakers point out concerns dealing with teach- 
ers and teaching.5'' Thirty states indicate a concern about 
teachers' understanding of science subject matter content 
and the ability to teach science so that students — especially 
young students— will comprehend scientific methodol- 
ogy. One need identified was that "elementary teachers 
need to more fully understand the use of hands-on, in- 
quiry, and activity approaches in teaching science." 

1 eacher shortages is another issue of concern among the 
states~37 states reported a shortage of teachers in terms 
ot either quality or quantity .^^ other teacher issues in- 
cluded: 

• Tendency of teachers to depend heavily on textbooks 
in teaching science and mathematics, 

• Lack of adequate preservice preparation, and 

• Lack of funding for staff development and teacher 
salaries.^' 

Regulation of the amount of science and mathematics 
course-taking required of prospective teachers varies con- 
siderably from state to state. Requirements are particularly 
low for prospective teachers of elementary grades. Ap- 
proximately one-quarter of the states have no science or 
mathematics credit requirements for elementary-level 
teachers. Most states have course requirements in science 
or mathematics for middle/junior high school teachers 
(generally ranging between 12 and 36 semester credit 
hours in science or mathematics), but an occasional state 
has none and several leave this decision to the institutions 
offering certification programs. At the senior high level, 
almost all states have rather detailed specifications of re- 
quired science or mathematics course work. One-half of 
the states do not require that secondary teachers take 
course work in methods for teaching science or mathe- 
matics/'' 

Higher-order thinking skills (i.e., the ability to infer 
relationships and draw conclusions and to solve multi- 
step problems) are of particular concern to many educa- 



tional policymakers, and most states report activity in this 
area. Some states promote the teaching of higher-order 
thinking skills through staff development. For example, 
some states sponsor annual conferences for science and 
mathematics teachers on incorporating problem solving 
into their teaching. Some states have held in-service train- 
ing programs statewide to promote the teaching of these 
skills, while others include these skills in their assessment 
programs. In still other states, higher-order thinking skills 
underlie and are the basis for their curriculum guidelines.*' 

New Institutional Arrangements, Only a handful of 
states provide sole support for magnet or residential 
schools that specialize in subject area study. Special 
schools are more often supported through private organi- 
zations or through a combination of resources. Fifteen 
states report sponsoring, at least in part, schools that focus 
on science; two more states say that they are considering 
or proposing a special, science-oriented school. Twelve 
states report having special schools that focus on mathe- 
matics; one state is currently proposing, and another cur- 
rently developing, such a school. Some states report hav- 
ing more than one special school.*^ 

The movement toward administrative and political de- 
centralization of large urban public school systems, such 
as the Chicago system, will no doubt have a significant 
impact upon educational practice— including science and 
mathematics teaching. It is too soon yet to discern the 
details of the effects. 



Impact of State Reforms on Local Schools 

For state efforts at improving science and mathematics 
learning and achievement to be successful, they must be 
effectively implemented in local educational districts and 
schools. Two recent projects— one conducted by the Ed- 
ucation Commission of the States (ECS), the second by the 
Center for Policy Research in Education (CPRE)— have 
studied the effect of state policies on local science and/or 
mathematics curricula. Study findings are described be- 
low. 

The ECS project studied the local impact of various state 
policies designed to improve science curricula— e.g., 
adoption and improvement of state curriculum guide- 
lines, selection of instructional materials, increased grad- 
uation requirements, increased instructional time, higher 
teacher certification requirements, assessment of student 
achievement, and evaluation of teaching. The study was 
conducted in California, Michigan, and Virginia as these 
states (1 ) encompass various mixes of policies and (2) form 
a continuum of state versus local control of education.^' 

The study found considerable evidence of positive im- 
pacts of state policy initiatives, but these were not uniform 



^Ibid.,p. V. 

^'Armslrong, et al., (1988), p. 11. 
'"Moyer(1987),p.l2. 

"Lack of funding was reported by 39 states as a maj ir issue. Half of 
these states specifically cited lack of funding for materials and updiiling 
laboratories as a major problem, 

"Capper (1988), p. vi. 



'''Moj'er{1987), p. 2. 
"Ibid., p. 5. 

'■'Armstrong, et al., (1988). Within each state, researchers interviewed 
personnel in four school districts as well as in the respective state depart- 
ment of education. They visited three schools in each district, interview- 
ing central office staff, principals, and teachers. These inteiviews became 
the basis of case studios and cross-site analyses. 
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across states or districts. Among the 12 districts studied in 
depth, classroom impacts were detected in 8. At these sites: 

• Increased time and emphasis were given to science 
instruction— especially in elementary school classes, 

• Teachers made increased use of scientific experiments 
as instructional devices, 

• Instructional materials were more available and of 
higher quality, and 

• Instruction was better coordinated among grades. 

Impacts were even more apparent at the district level in 
terms of official curriculum revisions, the content of in-ser- 
vice training sessions, and the adoption of textbooks. In 
districts where the implementation of state initiatives was 
successful, the researchers found strong leadership, cen 
tralization of curriculum revision, discretionary resources 
for materials and teacher training, science specialists at the 
district or school level, and attention paid to monitoring 
the implementation process. 

In some districts (more than hplf of those in Michigan 
and Virginia), state science policies were apparently not 
adopted and consequently had no impact on classroom 
instruction. On-site visits to four districts in which impacts 
were generally absent provided a range of explanations, 
including the existence of unusually high-quality pro- 
grams prior to the adoption of new state trameworks, a 
high degree of state autonomy, and rejection of state pol- 
icies or philosophical grounds. 

The CPRE study concentrated on high school gradua- 



tion requirements.^ Interview data on the intent and ef- 
fects of these requirements were gathered in 4 states, 13 
districts, and 19 high schools. Comparisjins were made of 
giciduation requirements in the core academic subjects of 
English, mathematics, science, and social studirs. 

The study findings showed that affluent scnools and 
districts, which typically enroll large numbers of college 
preparatory students, were relatively unaffected by the 
reforms, usually because they already had graduation re- 
quirements that equaled or exceeded those mandated by 
the state. This applied to 4 of the 13 districts studied; these 
all tended to be affluent, suburban, and white. 

Where district/school graduation requirements were in* 
creased, this generally resulted in the addition of mathe- 
matics and science courses. Out of 19 schools, 17 reported 
additions of mathematics and 16 reported additions in 
science. Moreover — while ihe ECS study found that 
hands-on activities were increasing in elementary school 
classes because of state reforms — the CPRE study found 
that, at the high school level, the courses added v/eve 
overwhelmingly of the basic, general, or remedial type. 
This suggests that the impact of the reform initiatives was 
largely on middle- and low-achieving students. Of the 17 
schools adding mathematics classes, 15 reported additions 
of basic, remedial, or general courses; this was true of 14 
of the 16 schools adding science sections. 

Thus, it appears that approximately half a decade after 
the implementation of a wave of state education reforms, 
their impact on science and mathematics instruction is 
yielding mixed results. Change is clearly under way; how 
far these changes will go, however, remains to be seen. 



***Clune(1988). 
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Higher Education for Science and Engineering 



HIGHLIGHTS 



Between 1970 and 1987, institutions oi higher edu- 
cation have increased in number and size. 

• Considerable growth was experienced by institutions offering 
the science and engineering (SIE) degree at some levelOi the 
total 650 new institutions, about 400 offered the S/E 
degree at some level and about 70 awarded the science 
or engineering Ph.D. The most growth overall (in terms 
of all degree levels) was experienced in "comprehen- 
sive" institutions, which award relatively few S/E 
Ph.D.s, but considerable numbers of S/E baccalaureates 
and master's degrees. (See pp. 47-48.) 

• Ph.D.-granting institutions also award relatively high per- 
centages of lower level S/E degrees. While some 307 institu- 
tions offered the Ph.D. in 1986, 95 percent of all S/E 
Ph.D.s were awarded by 205 institutions. These same 
205 also awarded 53 percent of the S/E baccalaureates 
and 72 percent of the S/E master's. (See p. 48.) 

Freshmen continue to display declining interest in 
some S/E fields. 

• Fewer freshmen plan majors in engineering or computer sci- 
ence. Between 1982and 1987, the percentage of freshmen 
planning undergraduate degrees in engineering fell 
from 22 percent to 17 percent among men and from 4 
percent to 3 percent among women. Both genders com- 
bined displayed declining interest in computer science 
majors, from 4 percent in 1982 to 2 percent in 1987. 
Interest in the physical sciences as a major has not 
changed. In contrast to these indicators, freshman full- 
time enrollments in engineering baccalaureate 
programs increased in 1988 for the first time in 6 years 
by about 2,500 students. (See pp. 49-51.) 

Graduate S/E enrollments of U.S. citizens have not 
grown since 1986, while those of foreign citizens 
continue to inciease. 

• In 1987, the long-term trend of increasing graduate enroll- 
ments of U.S. citizens in science and engineering programs 
halted, and these enrollments remained flat in 1988. Fields 
experiencing absolute declines in U.S. citizens included 
engineering and the physical and environmental scien- 
ces. (See pp. 52-53.) 

• Enrollment of graduate students from abroad Increased in 
virtually all fields in 1988,continuing a long-term trend. In 
engineering, nearly 5 of every 10 students is a non-U.S. 
citizen, and 4 of 10 in the mathematical and computer 
sciences are from abroad. Since 1986, the entire increase 
(about 9,000 students) in graduate enrollments in S/E 



programs was accounted for by enrollments of non-US. 
citizens. (See p. 53.) 

U.S. institutions continue to award more S/E 
Ph.D.9, especially to foreign citizens and to U.S. 
women. 

• Total S/E Ph.D.s awarded in 1988 increased by 945 degrees 
over 1987. U.S. citizens accounted for one-third of this , 
increase, halting a declining trend over the decade. En- 
gineering showed the strongest gains among U.S. citi- 
zens. (Seep. 53.) 

• Women U.S. citiz*>ns continue toearn increasingproportions 
of S/E Ph.D.s. Among U.S. citizens, they earned 32 pe^ 
cent of S/E Ph.D.s in 1988, up from 17 percent in 1975, 
and were awarded 52 percent of non-S/E Ph.D.s. (See p. 
55.) 'vr'-V" 

• Foreign citizens on temporary visas continue to earn increas- 
ing proportions of U.S. S/E Ph.D.s. Foreigners on tem- 
porary visas earned 40 percent of engineering and math- 
ematics Ph.D.s and 24 peicent over all S/E fields. (See p. 
55.) 

Patterns of support for graduate S/E students ha^e 
changed over the decade. 

• Non-Federal sources of support for graduate S/E study have 
increased faster than Federal sources. Hovvever, the total 
number of students reporting mainly Federal assistance 
in their graduate S/E st idy in 1988 increased 4 percent 
over 1987. (See pp. 56-57.) '''M^ 

• Institutional sources of support have grown ^most strongly : 
throughout the decade. In 1988, about 44 peifcent of grad- 
uateS/E students reported institutional support as their 
main source of support, versus 40 percent in 1980. (See 
pp. 56-57.) ' '% 

• Research assistantships have become the dominant mech-- ^ 
<i«ismo/s«p/wrt. Growth in researchassistantshipsas the 1 
primary support mechanism has been about 5 percent - 
per year since 1980. This mechanism of support now I 
outnumbers all other support types, including "self- - 
support." (See p. 57.) 

More scientists and engineers employed on the 
Nation's campuses report research as their primarv 
work activity. They are also older and hold higher 
rank, overall, than earlier in the decade. 

• Increases in "research intensiveness" on the Nation's cam- 
puses are evident since 1981. This increase in research 
intensiveness, as opposed to teaching, was particularly 
strong in engineering, where 33 percent of the doctoral 
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engineers in 1987~versus 23 percent in 1981— reported 
y research as their primary work activity. (See pp. 58-59.) 

♦ L/.S, S/E faculties hold higher ranks and have increased in 
2^ average age. The percentage of faculty holding full pro 
fessorships reached as high as 58 percent in the physical 



This chapter discusses indicators of higher learning in 
science and engineering (S/E). These indicators are 
grouped into five general topic arc'as: 

• The institutions that offer S/E degrees in the United 
States, with measures showing how the mix of these 
institutions has changed over the past few decades 
and which types of institutions offer S/E degrees at 
different degree levels and in different S/E fields; 

• Information on students in these institutions, includ- 
ing limited data on undergraduate enrollments and 
plans for an S/E nicijor, and more extensive coverage 
of graduate enrollments in S/E fields by various stu- 
dent subgroups; 

• Recent S/E degrees awarded by these institutions, 
with trends in Ph.D. awards through 1988; 

^ Changes in how U.S. S/E graduate students finance 
their education; and 

• Data on faculties in S/E higher education. 

For the first time in the Science & Engineering Indicators 
series, the chapter opens the discussion of S/E higher 
education with an overview of the institutions in which 
this learning occurs. A recent reclassification of the 3,100 
colleges, universities, and specialty schools in the United 
States permits tracking the changes in their different roles 
in S/E education since 1970. The distinct educational roles 
of the various categories of institutions become clear as 
groups of institutions are compared in terms of the levels 
and fields of S/E degrees they award. 

Undergraduate enrollments in engineering programs 
and surveys of freshmen as they enter higher education 
are used as indicators of aspirations and intentions to 
obtain a science or engineering degree. The chapter then 
turns to data on S/E graduate enrollments in doctorate- 
granting institution?\ 

Degrees in science and engineering fields are indicators 
of achievement in learning, and these are the subject of the 
third section. The discussion pays particular attention to 
Ph.D. attainment among population subgroups and by 
U.S. citizens, as a whole, reflecting ongoing concern of 
policymakers about these trends. For the first time in this 
series, this chapter separates out LIS. citizen Ph.D. earners 
by gender and racial/ minority groups. 

Financial support of students in S/ E higher education is 
an indicator of the value society places on these endeavors, 
and the different sources and -nechanisms of S/E graduate 
student support di C the subject of the following section. 



sciences and 55 percent in engineering. These were also 
the fields with the highest proportions of teaching staff 
over the age of 50 in 1987, though all S/E fields have 
experienced declining proportions of younger faculty 
members since 1977. (See p. 59,) 



The chapter concludes with indicators of the faculties 
vvlivi teach and guide these students. These indicators con- 
cerning the professoriate are largely restricted to its teach- 
ing functions and general population characteristics; chap- 
ter 5 covers its research activities. 

INSTITUTIONS IN S/E HIGHER EDUCATION 

The approximately 3,100 institutions of higher educa- 
tion in the United States do not play equal roles in science 
and engineering education and research.^ For example, in 
some fields, degrees awarded at the baccalaureate, mas- 
ter's, and Ph.D. levels are more concentrated in the Ph.D.- 
granting institutions than in other fields. Also, the number 
of institutions has expanded over the past two decades, 
and individual schools have developed into different 
types of schools as they have increased their program 
offerings to meet the demands of the growing student 
population. 

A widely used classification of colleges and universities 
has been developed by the Carnegie Foundation for the 
Advancement of Teaching (1987).^ The Carnegie classifica- 
tions were initiated in 1970 and revised slightly in 1976 and 
1987. They thus can be used to track changes over time in 
the general structure of the U.S. higher educational system 
as well as in individual institutions, including the relative 
roles of different institutional types in awarding S/E de- 
grees.^ 

The foundation's classification scheme is based on a 
combination of factors, including; 

• Amount of Federal support, 

• Numbersand levelsofdegreesawarded and numbers 
of programs awarding such degrees, and 

• An index of institutional "selectivity" (for the liberal 
arts institutions) developed from a number of mea- 
sures. 

Institutional Change Since 1970 

Between 1970 and 1987, about 650 now institutions of 
higher education were established in the United States, 



'This section focuses on the Viirious educntionnl roles plnyed by these 
institutions. Iwdiscussions of their I espectiveiesetUchinddeveKii.Mn^^ 
activities, see diapters 4 and 5. 

^The universe of institutions classified are those canvassed by the 
Higher Hducation Ger,.Tal Information Survey of tlie Natii>nal Center for 
Education Statistics, U.S. Department of Education. 

^SeeCarnepie Foundation for tlie Advancement of Teaching (U)87) for 
a similar discussion of institutional types broken out by total enrollment 
trends. 
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bringing the total to about 3,100 institutions. (See appendix 
table 2-1.) Of these, approximately 2,400 offer an S/E 
degree at some level—i.e., from a 2-year (associate) degree 
to the doctorate. 

In discussing the roles of these institutions in awarding 
S/E degrees and how these roles have evolved since 1970, 
three aspects of ciiange must be considered: 

• Increases in the number of institutions awarding S/E 
degrees; 

• Growth in the total number of institutions, especially 
at lower degree levels; and 

• Expansion of institutions' programs, leading to sub- 
sequent reclassification. 

During the period 1970-86, the number of institutions 
awarding the S/E Ph.D. increased by about 70 schools. By 
1986, 300 institutions (13 percent) awarded S/E Ph.D.s. 
Half of this increase was accounted for by "comprehen- 
sive" and "other" schools, which offer relatively few 
Ph.D.s. (See appendix table 2-1.) In addition, the "doc- 
torate-granting" classification grew by 35 universities 
over the 16 years; this primarily reflected the movement of 
comprehensive institutions into this category through pro- 
gram expansion and proliferation. 

Much larger growth was experienced in the group iden- 
tified as comprehensive institutions. One-hundred fifty 
schools were added to this category between 1970 and 
1986 in response to several developments in higher educa- 
tion, including: 

• Growth and expansion of programs in schools for- 
meriy identified as "liberal arts," and 

• Growth of large statewide higher educational systems 
ill the 1970s. 

Comprehensive colleges may award few doctorates (see 
appendix table 2-2), but they produce large numbers of 
S/E baccalaureate and master's degrees. 

The number of colleges in the liberal arts category that 
award S/E degrees has shrunk slightly— from 570 in 1970 
to 532 in 1987— largely due to expansion of their programs 
and subsequent reclassification. This group of schools in- 
cludes both nationally well-known, highly selective liberal 
arts colleges as well as a large group of colleges oriented 
to local industries and continuing education. About 10 
percent of these schools offer master's degrees in one or 
more S/E fields. 

The rapid expansion of 2-year colleges offering the as- 
sociate degree is evident in appendix table 2-1. Over 200 
of these colleges offering a technical degree were estab- 
lished between 1970 and 1986, bringing their total to 826 
institutions. 

"Specialized" schools offering a science or engineering 
degree doubled in number betv^een 1970 and 1986. Most 
of these schools are in the health sciences. 

S/E Degree Awards in 1986 

A cross section of the 1987 Carnegie institutional clas- 
sification, broken down by numbers and levels of S/E 
degrees granted in 1986, underiines the different roles of 



the institutional types in the science and engineering pipe- 
line. Increasingly large proportions of all S/E degrees are 
granted by the 205 doctoral institutions (though some 307 
instinitions overall awarded S/E Ph.D.s). These 205 in- 
stitutions grant almost all (95 percent) of the Ph.D.s, over 
half (53 percent) of the baccalaureates, and almost three- 
quarters (72 percent) of the master's degrees in science and 
engineering. (Seeappendix table2-2.) Doctoral institutions 
also award 7 percent of all S/E associate degrees. Most of 
these latter, however, are granted by community colleges 
which, in 1986, awarded 77 percent of these 2-year degrees. 

While liberal arts colleges constitute 37 percent of the 
institutions granting S/E baccalaureate degrees, they 
awarded only 9 percent of these degrees in 1986. These 
schools granted 1 percent of the master's and 2 percent of 
the associate S/E degrees/ 

Institutional Classification and Degree Field 

The roles of different classifications of institutions vary 
across broad S/E fields. (See appendbc table 2-3.) For ex- 
ample, liberal arts colleges award few engineering bach- 
elor's degrees (2 percent of the total in 1986). Engineering 
degrees at all levels are more often awarded by doctoral 
institutions, though the compreher.o»ive institutions confer 
26 percent of engineering baccalaureates and 13 percent of 
the master's de^grees. (See figure 2-1.) Finally, a small 
group of specialized institutions award about 6 percent of 
engineering baccalaureates and 3 percent of the master's 
degrees. 

In contrast to their negligible role in engineering educa- 
tion, liberal arts colleges grant 12 percent of science bacca- 
laureates, reaching 17 percent in the physical sciences and 
14 percent in psychology. The comprehensive colleges also 
grant relatively more science than engineering degrees (37 
percent of science bachelor's, and 27 percent of science 
master's, degrees). Comprehensive institutions also pro- 
duce relatively high percentages of mathematics and com- 
puter science degrees: 44 percent of the combined bach- 
elor's and 29 percent of master's. 



THE S/E STUDENT POPULATION 
Changing Demographics 

The size of the U.S. population groups normally attend- 
ing institutions of higher education is declining. For ex- 
ample, 18- to 21-year-olds— the traditional undergraduate 
student cohort— have been declining in number since 
1981. (See appendix table 2-4.) 

Decreases in the indicators discussed here may reflect 
this changing size of the relevant population group; they 
might also reflect changing choices of individuals. Thus, 
attention should be paid to changing rates as well as to 
absolute measures. 

For example, the data in appendix table 2-4 show that 
there is not a continuous direct relationship between 



*See NSB (1987), pp. 47-48, for a discussion of the major role these 
institutions play in producing baccalaureate recipients who go on to earn 
S/EPh.D.s. 
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demographic trends and enrollment in colleges and 
universities. Enrollments of 18- to 21 -year-olds have not 
declined as rapidly as the size of that population group; 
thus, the college-going rate of the group has increased 
overall.^ Consequently, the observations in this section are 
based on trends over time and not on annual fluctuations. 
These increases, especially among women (both black and 
white), have helped compensate for the decline in the 
cohort size to keep enrollments high at U.S. colleges and 
universities.^ Also, growing proportions of U.S. high 
school graduates overall pursue higher education, a trend 
that has been sustained for at least a decade. (See figure 
2-2.) 

Indicators for certain population subgroups contrast 
with the overall trend. Black males aged 18 to 21 — after 
increasing their college enrollment rates by about 5 per- 
centage points from 1980 to 1985— more recently have 
failed to increase alongside the overall cohort; they may 
actually have begun to decline. Likewise, attendance rates 
of 18- to 21-year olds of Hispanic origin show little, if any, 
increase. (See appendix table 2-4.) 



Freshman Flans 

Engineering Enrollments. Most imdergraduatcs plan- 
ning a degree in the sciences neeed not declare their major 
field until the second or third year of study. In contrast, the 
ongineering bachelor of science is a 4- or 5-year profes- 
sional curriculum starting in the freshman year; head- 
counts of students in these programs provide early in- 
dicators of freshman plans. Surveys by the Engineering 
Manpower Commission provide trend data on the full- 
and part-time enrollments in both baccalaureate and 
shorter programs.^ 

In the fall of 1988, approximately 346,000 students were 
enrolled full time in an engineering baccalaureate pro- 
gram. (See appendix table 2-5.) Freshman full-time enroll- 
ments in the 4- and 5-year programs, after decreasing for 
5 years, increased in 1988 by about 2,500 students. (See 
figure 2-3.) Total part-time enrollments in these programs 
also increased. Since some of these part-time students are 
midcareer and may be returning to class for specific cour- 
ses only, it is unclear how many of these students intend 
to obtain a degree. In 1988, part-time enrollments were 11 



^As estimated in the U.S. Bureau of the Census' Current Population 
Survey (Cl^) conducted each October. C1*S is a survey of approximately 
60,000 households, covering about 125,000 pet)ple and 8,000 college 
students. Some of the detailed categories in these data are necessarily 
small, and trend data based on them are subject to considerable year-to- 
year fluctuations. 

Significant differences in these trends are likely to exist among indi- 
vidual institutions, across fields, and in various geographic regions. 



^American Association of Engineering Societies (1989). The data on 
engineering programs are from 4- and 5-year programs approved by the 
Accreditation Board of Engineering and Technology (ABET). Upon suc- 
cessful completion of those programs, the student receives a bachelor of 
engineering degree or, in the case of the 5-year programs, an engineering 
professional degree. Engineering technology enrollments, in contrast, are 
usually in 2-year programs terminating in an associate degree, but some 
of these programs also include 4-year study. Data on engineering tech- 
nology enrollments in appendix table 4-5 ar ? from all programs, not just 
ABET-approved programs. 
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Figure 2-2» 
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percent of full-time enrollments, and this ratio has hardly 
changed over the decade. 

Enrollments by freshman blacks increased from 5,800 to 
6,100 from 1986 to 1987, and total black undergraduate 
enrollment increased from 16,800 to 17,300.« Hispanics, 
too, increased their freshman enrollment in engineering 
curricula from 4,300 to 4,500 and from 16.300 to 17,100 
overall. Students of Asian origin increased 10 percent 
among engineering freshmen (to 7,100) and 12 percent 
overall (to 30,100). 

Engineering Technology Enrollments. Full-time enroll- 
ments in engmeering technology programs— at both the 
associate and bachelor's levels— declined throughout the 
19808. (See appendix table 2-5.) However, part-time enroll- 
ments in these programs have shown recent growth, pos- 
sibly reflecting increasing midcareer study, The growing 
number of engineering technology programs (from 200 in 
1985 to 310 in 1988) suggests that schools are developmg 
programs to accommodate students who cannot study full 
time. 



"The data in this paragraph arc trom Ellis (1988). 



Tlte 1987 Freshman Class:' Declining enrollments in 
engineering are being driven not only by decreases in the 
size of the 18-year-old population but also apparently by 
reduced interest in the field among students in successive 
freshman classes. Between 1982 and 1987, the percentage 
of freshmen planning a baccalaureate in engineering de- 
clined from 12.6 percent to 9.4 percent. (See figure 2-4.) 
Both male and female interest in engineering majors is 
falling; among men, from 22.3 percent in 1982 to 17 percent 



"Data in this section are from the University of California at Los Angeles 
(UCLA) Cooperative Institutional Research Program, which each fall 
surveys entering freshmen on various characteristics and their future 
plans. Excluded from this survey are part-time freshmen and students 
who have previously attended college for credit. The data also exclude 
students at semiprofessional and proprietary schools, as well as those at 
certain very small schools. Data here are from UCLA (1982-87), or— when 
so cited— special unpublished tabulations. (In the latter case, only fresh- 
men at 4-year colleges and universities are included,) For a complete 
description of the survey methodology, see any of the UCLA volumes. 
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in 1987, and among women from 3.6 percent to 2.7 per- 
cent^^ 

Freshman plans Tor a major in computer science have 
also fallen, dropping from 4.4 percent in 1982 to 1 .6 percent 
in 1987 (both genaers combined). (See text table 2-1.) In- 
creases in both the biological sciences and social sciences 
as planned majors have been noted in the UCLA surveys. 
(See footnote 9.) 

In the nonscience fields, business has remained the ma- 
jor of choice for about 25 of every 100 freshmen since 1982; 
the arts and humanities, however, have increased as a 
major choice, rising from 8.2 percent in 1982 to 1 1 .3 percent 
in 1987. Student plans also indicate a trend noted in Science 
& Engineering Indicators— 1 987:^^ over all fields, more fresh- 
men are planning to study longer and obtain a higher 
degree. (See text table 2-1 .> 

When freshmen planning science or engineering de- 
grees are broken down by broad field categories, differ- 
ences emerge on self-reports of high school grade point 



*^Data on freshmtin plans for engineering majors from another source, 
the Admissions Testing Program of the College Board, are reported in 
Lane (1988). 

*^NSBa987),p.41. 



averages (GPA), aspirations to the Ph.D., and career plans. 
(See figure 2-5.)^2 p^^^ example, less than one-third of stu- 
dents planning degrees in the environmental, computer, 
and social sciences report a high school GPA of "A/' while 

"NSB (1985), pp. 98-100. 



Figure 2-5. 

Freshman plans and characteristics, by selected 
planned undergraduate major 



SOURCE: UCLA, Higher Education Research institute, unpublished 
tabulations. 
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over half of those anticipating majors in the physical scien- 
ces and mathematics report this level of performance. 
Regarding plans for the Ph.D., 41 percent of freshmen 
planning baccalaureates in the physical sciences hope to 
attain the doctorate, as do about one-fourth of freshmen 
looking to a bachelor's in mathematics or the environmen- 
tal, biological, or social sciences. In sharp contrast, only 
about 12 percent of freshmen planning an undergraduate 
degree in computer science state that they hope to attain 
the Ph.D. 

Depending on their field of interest, freshmen planning 
S/E degrees differ greatly in their plans for a career as a 
"research scientist." One-third of freshmen anticipating 
physical science majors, one-fourth of planned environ- 
mental science majors, and one-fifth of planned biological 
science majors foresee a future as a research scientist (35 
percent of the latter plan to enter the medical profession). 
Three percent of freshmen hoping to attain a bachelor's in 
mathematics plan to become research scientists, and less 
than 1 percent in computer and social sciences and in 
engineering have such plans. 

Merit Scholars. Another indicator of freshman plans 
can be obtained from the stated choice of major of Merit 
Scholars.^'^ While the percentage of scholarship winners 



'^NSB (1977), p. 159. Merit Sdiolnrships are competitive gronU od- 
ministerod by the Nntionnl Merit Scholarship CorptMr.tion, FvansUui, 
lUinois. For a complete description of the pro^n.- }»ee National Merit 
ScholarshipCorporation (1982-88). 



who have planned a major in science or engineering has 
varied over the years, recent trends are downward. (See 
appendix table 2-6.) Proportions choosing engineering, the 
sciences overall, and the health sciences are declining; 
simultaneously, more Merit Scholarship winners are plan- 
ning majors in the social sciences and humanities. (See 
figure 2-6.) 

Gra(?uate Enrollments^^ 

Enrollments of U.S. citizens in graduate science and 
engineering programs have not increased since 1986. In 
contrast, students from abroad continued to enroll in these 
programs in increasing numbers: in 1988, one in four 
graducvte students studying science and engineering in 
U.S. universities was from abroad. 

Other changes are occurring among the graduate S/E 
student population and the institutions they attend. De- 
creases in part-time enrollments, and sharp differences in 
enrollmf.nit rates among fields of study, become apparent 
when overall enrollment data are disaggregated. More 
women undertake graduate S/E study, and the various 
racial and ethnic groups display different patterns of 



*^The giadiiate enriilhnent data discussed in this section arc limited to 
enroHments in S/M doctorate-granting institutions. The.se enrollments 
accounted for 83 percent of all graduate enn^lhnonts in 1987 and about 93 
percent of toKil full-time enrollments. For details of the survey universe 
and student populations, see NSl' (1989a). 



66 



-/-Figure 2-8; 




I I I I I I I ■ I » i . ■ . 

0 $ . 10. 15 20 25 30 35 

. (Percent) 

See appendix tabia 2-6. Science Si Engineering Indicators^l 969 



enrollment. These and other trends are discussed in the 
following paragraphs. 

Overall S/E Enrollments. In 1988, total enrollments in 
all S/E fields combined increased by 1 percent over the 
previous year, a slowing of the 1980-86 trend of an annual 
2-percent increase. (See figure 0-15 in Overview.) Virtual- 
ly all of the 1988 growth in total enrollments was in the 
sciences; graduate engineering enrollment has remained 
unchanged for 3 years. 

Enrollments by Citizenship. Graduate S/E students 
who are U.S. citizens increased by 1,300 students in the 
sciences in 1988, but decreased in engineering by 1,400. 
(See appendix table 2-8.) Other fields experiencing ab- 
solutedechnes in the number of U.S. citizens enrolled were 
the enviromnental sciences (5.6-percent drop)^^ and the 
physical sciences (0.6 percent). 

Foreign enrollments increased in all S/E fields, continu- 
ing a trend that has been widely noted and discussed.^^ In 
full- and part-time study combined, increasing matricula- 
tion in science and engineering programs by non-U.S. 
citizens accounted for the entire growth in enrollments 
from 1987 to 1988. (See text table 2-2.) 

Non-U.S. citizens are attracted to particular fields of 
study. In 1988, nearly 5 of every 10 full-time engineering 
students in doctorate-granting institutions were non-U.S. 
students. (See figure 0-16 in Overview.) In the science 
fields, foreign students made up 37 percent of enrollments 
in the physical sciences and about 43 percent in both the 
mathematical and computer sciences. 



*^The environmental sciences in these data include atmospheric scien- 
ces/ geosciences, and oceanography. 
^*See, for example, NRC (1988b); and NSF (1986). 



Text table 2«2. Graduate S/E enrollments by 
citliensfilp and enrollment etatus 



Full-time Pa rt-time Total 

—Percent chanrje 1987-88— 

Total enrollment , . . i .9 -0.2 1 .2 

Total U.S. citizens 0.3 •O.e •0.03 

Foreign citizens 5.5 2.9 5.2 

Note: indudas only dcctorate^granting institutions. 
See appendix tables 2*8 and 2-9. 

S^enceSi Engineering indicator$^l989 



Enrollments by Gender. Women have traditionally 
specialized in the sciences or engineering at rates below 
those of men. Thus, this large population group has be- 
come a focus of attention for policymakers and educators 
concerned with future supplies of scientific and engineer- 
ing personnel.^^ 

Enrollments of women in graduate S/E programs con- 
tinued to increase in 1988, and the rate of increase overall 
is higher than earlier in the decade.^^ By contrast, in en- 
gineering, increases averaging 10 percent yearly from 1980 
to 1987 slowed to 3 percent in 1988- (See appendix table 
2-7.) In both time periods, however, the rates of increase 
for women exceeded those of men. Women make up about 
32 percent of the total graduate S/E enrollment and earn 
about 32 percent of the doctorate S/E degrees awarded to 
U.S. citizens. 

Like other population groups, women tend to concen- 
trate in certain broad fields. They make up particularly 
large proportions of total graduate enrollments in psychol- 
ogy (63 percent), the social sciences (47 percent), and the 
life sciences (41 percent). (See appendix table 2-7.) While 
they account for smaller proportions in the physical scien- 
ces (22 percent), mathematics (29 percent), and engineer- 
ing (13 percent), their enrolhnents have been increasing 
faster in these fields.^^ 

Enrollments by Racial/Ethnic Group. The ex ^ t to 
which different populati-'n subgroups — e.g., women, 
some minorities, and older students^^-^choose careers in 



*Tor discussions of women at other points in the scientific and en- 
gineering pipehne, see the appropriate sections in other chapters of this 
report. Detailed data are presented in the biennial series V^omen and 
Minorities in Science and Engineerings for the most recent volume, see NSF 
(1990). A recent discussion of issues involving women in science and 
engineering can be found in NSF (1987b). 

^The statistics discussed in this section obscure the nationality of the 
men and women described; the questionnaire from which these data are 
produced does not allow for classifying by gender and nationality. How- 
ever, because most non-U.S. citizens enrolled in S/E graduate programs 
are men, the enrollment data for women discussed here may be assumed 
to include mostly U.S. citizens. Conversely, the enrollment data for men 
in this section include much of Ihe enrollment by non-U.S. citizens. 

*''In general; graduate S/E fields that attract relatively fewer women 
than men also tend to be fields with high enrollment of non-U.S. citizens. 
If the assumption is correct that most of these students are male, then the 
enrollment rates of females in these fields among students who are U.S. 
citizens could be expected to be higher than identified here. 

^^A recent study of characteristics of students 25 and older is reported 
in Aslanian and Brickell (1988). 
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engineering and science has attracted increasing attention. 

For example, a recent survey of campus administrators 

reports that many of them perceived their institution's 

performance in attracting minority students as "fair" or 
"poor/'2i 

About 600 more black U.S. citizens enrolled in graduate 
S/E programs in doctorate-granting institutions in 1988 
over 1987. (See appendix table 2-8,) These increases were 
spread across all fields, except for a 6-percent decrease in 
mathematics (about 20 students). Among U.S. citizens in 
engineering programs, only 1 student in 50 is black. 

Enrollments of white U.S. citizens, though relatively 
unchanged overall, decreased by 3 percent in engineering 
programs. (See appendix table 2-8.) S/E graduate students 
of Hispanic origin (U.S. citizens only) have increased their 
enrollment rates throughout the sciences and engineering 
in the 1980s; this trend was halted in 1988. Enrollments of 
U.S. citizens who identify themselves as of Asian back- 
ground continue to increase in virtually all fields. (See 
appendix table 2-8.) Overall, the rate of enrollment growth 
of thij population group was 9 percent in 1988. The largest 
increase for citizens of Asian origin was in the physical 
sciences (22 percent). 

Part-Time Enrolltnents, Science & Engineering Indica- 
tors — 1987 noted strong growth in the number of graduate 
students in science and engineering who study part time.^ 
In 1988, this decade-long trend may have ended. Part-time 
graduate enrollments in engineering— especially among 
U.S. citizens—largely accounted for the slowdown.^'^ (See 
appendix table 2-9.) 

Enrollments by Field, As noted above, the sciences 
continued to grow in total graduate enrollments in 1988 
over 1987 while engineering enrollments remained un- 
changed. Among science fields, only the environmental 
sciences lost enrollment; this continued a 4-year trend in 
this field. In contrast, the mathematical sciences have ex- 
perienced strong enrollment growth throughout the dec- 
ade, especially because of enrollments by non-U.S. citi- 
zens. Other fields with strong growth in 1988 were 
computer science and psychology; both sho' ved a 3-per- 
cent increase. 

Postdoctoral Appointments^^ 

In 1988, about 20,000 researchers held postdoctoral 
training positions in U.S. research universities. About 

2'SeeEUKhamsTl988). 
22NSB(1987), p. 43. 

^^^Relatively few foreign students attend graduate S/E programs part 
time, largely because of visa regulations. 

"Data for this section are from NSF, Survey of Graduate Science and 
Fngineering Students .md Postdoctorates. Postdoctorates include those 
individuals with science or engineering Ph.D.s, M.D.s, D.D.S.s, or 
D.V.M.s (including ff ^ eign degrees that are equivalent to U.S. doctorates) 
who devote their pwrnty effort to research activities or study in the 
department under temporary appointments carrying no academic rank. 
Such appointments are generally for a specific time period. Postdoclorakes 
may contribute to the academic program through seminars, lectures, or 
by working with graduate students. Clinical fellows, and those with 
appointments in residency training programs in medical and health 
professions, are not included unless the primary purpose of the appoint- 
ment is research training under the supervision of a senior mentor. See 
NSF(1987),p.44. 



1;700 of these were in engineering fields, but this number 
has been increasing annually by about 8 percent since 1980. 
(See appendix table 2-10.) In contrast, the number of post- 
doctorates in scientific fields has grown at an annual rate 
of about 5 percent over the same period. 

Postdoctoral appointments generally grow in conjunc- 
tion with expanding academic research budgets, and this 
has been the case throughout the 1980s.2''^ In the life scien- 
ces, where most (57 percent) of these positions are located, 
positions increased 11 percent in 1988 over 1987. 

Foreign citizens increasingly receive postdoctoral ap- 
pointments, (See figure 2-7.) Their percentage of all posi- 
tions in the life sciences increased from 30 percent in 1980 
to 42 percent in 1988, In engineering, non-U.S. citizens hold 
66 percent of the postdoctoral positions, though this per- 
centage has not changed considerably since 1980. Total 
postdoctoral appointments held by foreigners have also 
grown faster than those held by U.S. citizens: about 8 
percent versus 3 percent per year, respectively, since 1980. 



^^ee chapter 4. NRC (1988a) provides detailed data on postdoctorates 
by fine field. 



Figure 2-7. 
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SCIENCE AND ENGINEERING DEGREES 



Overall Degree Trends 

Ph.D.s in S/E fields accounted for 60 percent of all 
doctorates awarded in 1988 — an incre^.se or 5 percentage 
points over the past decade. (See appendix table 2-11.) 

The total of S/E doctorates awarded by U.S. universities 
increased in 1988 over 1987 by about 945 degrees. The 
sciences and engineering each accounted for about half of 
this increase. (See appendix table 2-12.) Only Ph.D.s in the 
social sciences and psychology failed to increase. 

The last year for which data on bachelor's and master's 
d igrees is available is 1986.^^ Undergraduate awards in 
science and engineering combined increased from 1985 to 
1986 by 2,500 degrees, to a total of about 324,000 degrees. 
(See appendix table 2-11.) Tiiis was 30 percent of all bac- 
calaureates awarded in the U.S., a ratio that has not 
changed for 3 years. Baccalaureate awards declined in the 
physical sciences, environmental sciences, and life scien- 
ces. Eight hundred fewer students received engineering 
br.chelor's degrees in 1986 than in 1985. 

Doctoral Degrees by Citizenship 

Following a declining trend for most of the decade, U.S. 
citizens earned about 300 more Ph.D.s in the sciences and 
engineering in 1988 than in 1987. (Seeappendix table 2-14.) 
Most of these increases were in engiiieering (220 degrees), 
continuing a 5-year trend. 

Ph.D.s earned bj' foreign citizens on temporary student 
visas account for a growing share of total Ph.D.s awarded 
by U.S. institutions in most broad science and engineering 
fields. This phenomenon has attracted widespread atten- 
tion, leading to speculation about the impacts of this in- 
creasing presence of non-U.S. citizens on higher education, 
future supplies of doctoral scientists and engineers for the 
U.S. labor market, and the wisdom of relying on immigra- 
tion of doctoral scientists.^^ 

Across the sciences and engineering combined, non-U.S. 
citizens on temporary visas earned 24 percent of the Ph.D.s 
in 1988, up from 15 percent a decade ago. (See figure 2-8.) 
In both the mathematical sciences and engineering, tem- 
porary visa-holders earned 40 percent *'0 41 percent of the 
Ph.D.s in 1988. Also in that year, non-U.S. citizens earned 
25 percent of the Ph.D.s in the social sciences. (See appen- 
dix table 2-13.) 

Fh.D. Degrees by Gender 

The share of total degrees in the sciences and engineer- 
ing earned by women has remained at about 26 percent for 
3 years. (See appendix table 2-11 .) Since the majority of the 
S/E Ph.D. earners from abroad are male, the heavy pro- 
portion of non-U.S. citizens in this ratio hides the relative 
shares of male and female U.S. citizens. When Ph.D.s 
ft%varded to foreigners are removed from the total figures. 



^''For data on degrees using the categories of "joh-related" versus 
degrees in the arts and sciences, see C'^rpenter (1987). 

%or example, see NRC (19P3b), especially the essays by Drucker, 
Kuswa, and Luco; and NSF (1986). 
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the share of degrees earned by US. female citizens in- 
creases considerably. 

In all non-S/E fields, U.S. females earned 52 percent of 
the Ph.D.s awarded in 1980 {'-^e figure 2-9.) They earned 
32 percent of the S/E doctoroi awarded to U.S. citizens 
in 1988, up from only 17 percent in 1975. In 1988, U.S. 
ttmale citizens earned 10 percent of the engineering doc- 
torates awarded to U.S. citizens and 36 percent of the 
corresponding science doctorates. However, women are 
increasing their rates of obtaining the engineering Ph.D. 
faster than men, about 16 percent per year versus 7 percent 
per year over the past 4 years. Women's shares of Ph.D.s 
in both psychology and the life sciences — where they have 
always been well represented — have increased from 32 
percent to 55 percent and from 21 percent to 35 percent, 
respectively, since 1975. (See appendix table 2-14.) 

Ph.D.s by Racial/Ethnic Group 

Over the past decade, black U.S. citizens have been 
earning fewer Ph.D.s in science and engineering: in 1988, 
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Figure 2-9. 

Ph.D.s oarnod by U.S, citizens, by gender 
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they received 231 such degrees compared with 278 in 1978. 
(See appendix table 2-15.) Ph.D.s awarded to black female 
citizens declined in 1988 for the fourth year in a row, 
though black female citizens earned 390 non-S/E Ph.D.s 
in 1988 versus 337 in 1987. Black male citizens earned 127 
S/E Ph.D.s in 1988. While this was a slight increase over 
1987, it was down considerably compared to the late 1970s. 
In contrast, Ph.D.s earned by Hispanic citizens doubled 
over the same period, from 160 to 319. 

White U.S. citizens earned 299 more Ph.D.s in the scien- 
ces and engineering combined in 1988 over 1987. This 
accounted for almost all of the increase in Ph.D.s earned, 
and followed 4 years of decline. 

U.S. citizens of Asian background, desp ite their sharp 
increases in graduate enrollments, earned only 3 percent 
of the S/E Ph.D.s awanled to U.S. citizens in 1988. 



SUPPORT FOR S/E GRADUATE STUDENTS^" 

How do graduate S/E students pay for their educations? 
Since education is a crucial investment in developing the 
human talent needed for the Nation's science and en- 
gineering activities, the Federal Government has tradition- 
ally been a key source of support for graduate S/E study. 
Institutions, too—using funds in their general institutional 
budgets— provide support to graduate S/E students in 
order to attract and retain talented students. Changes in 
support patterns among mechanisms of student support, 
and in the different Federal agencies that provide the most 
graduate S/E student support, are discussed in the follow- 
ing paragraphs. 

Sources of Graduate Student Support 

One source of information on support of graduate S/E 
students is an annual survey of graduate S/E departments 
that requests the "primary" source of support for each 
full-time student.2' Four broad categories describe the 
sources of support for graduate S/E students; 

• Federal sources; 

• Institutior il sources, i.e., funds from schools' general 
budgets; 

• Other sources, i.e., from sources outside the institu- 
tion other than the Federal Government or the stu- 
dent; and 

• Self-support, including the student's own tuition and 
fees paid. 

Institutional sources of support have grown most rapid- 
ly throughout the 1980s, averaging nearly 4 percent yearly. 
In contrast, total enrollment has grown at a rate of around 
2 percent per year over the sai-ie period. (See appendix 
table 2-16.) Increased institutional support for S/E grad- 
uate students has been particularly important in engineer- 
ing and the social sciences. For instance, in the social 
science subfields, expanding institutional support has 
compensated for a decline in Federal support in these 
subfields over the decade. 

Federal sources of graduate S/E support declined dur- 
ing the first part of the 1980s but turned strongly upward 
by mid-decadc. (See figure 2-10.) In contrast, self-support 
and other outside sources of support slowed their in- 
creases. 

Federal support of graduate S/E study between 1984 
and 1988 grew most notably among students in computer 



^*This section discusses only full-time students in doctorate-granting 
institutions. 

^SF (1989a). Since students often attend graduate school with a 
package of financial aid from different sources and of different types, 
many sources are not reported. Consequently, virtually all support sour- 
ces are underreported. In addition, no data on the amount of support 
provided are captured by this survey. 
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science (15 percent annually) and the mathematical scieii- 
ces (11 percent). Federal sources of support for graduate 
students in the environmental and social sciences declined 
throughout the decade. (See appendix table 2-16.) 

The net result of these differing growth rates among 
sources of support for S/E graduate students was a dif- 
ferent "mix" of support sources in 1988 versus 1980. By 
1988, about 27 percent of S/E students overall reported 
"self-support" as their main support versus 30 percent in 
1980; about 44 percent Usted "institutional" support in 
1988 versus about 40 percent in 1980; and about 20 percent 
noted "Federal" sources versus 22 percent in 1980. 



• Asmtantships can he either for research or teaching, 
depending upon how the student's time under the 
grant is to be spent. 

• '*Otim" types of support include Federal student 
loans and tuitions paid by the Department of Defense 
(DOD). 

• Self-suppof t covers student sources including parental 
support and privately arranged loans. 

During the 1980s, the total number of fellowships and 
traineeships changed hardly at all, in contrast with growth 
in research assistantships that averaged nearly 5 percent 
per year. (See appendix table 2-17.) These trends, however, 
have not been equally distributed among the broad fields. 
Fellowships and traineeships combined have increased in 
engineering and the mathematical; computer, biological, 
and physical sciences. They became less common in all 
other fields. 

Research assistantships have declined only in the agri- 
cultural sciences. Fields experiencing considerable growth 
in the number of S/E studc^nts reporting their main source 
of support as research assistantships include computer 
science (14 percent annually), engineering (7 percent), and 
the mathematical sciences (5 percent). 

Teaching assistantships increased mostly in the mathe 
matical sciences (4 percent) .ind engineering (5 percent) 
since 1980. 



Federal Support Patterns 

As noted above. Federal sources as a percentage of all 
sources of support declined between 1980 and 1988. How- 
ever, the number of students reporting Federal sources as 
their primary support increased by about 4,000 students 
over the decade. During this period, both the mechanisms 
of Federal support for graduate students and the relative 
importance of the various Federal agencies in providing 
this support have changed. 

Federally financed traineeships and fellowships have 
generally declined as a percentage of all Federal support 
mechanisms since 1980, but the number of research assis- 
tantships funded by Federal sources has increased suffi- 
ciently to more tlian offset the declines.^^ (See figure 2-11.) 
Research assistantships increased among the mechanisms 



Mechanisms of Student Support 

Students receive financial assistance for graduate study 
in the sciences and engineering via five broad mecha- 
nisms.^^ 

• Felloivships are usually awarded through a competi- 
tion directly to the student by a source other than the 
institution. 

• A trainceship is also competitive, but is awarded by the 
institution. 



^For precise definitions, see NSF {1987a). 



^^For a detailed stntistical study of federally financed research assis- 
tantships in science and engineering, see Snyder (1988). Among Snyder's 
conclusions were: 

• "There appea rs to be a strong relationship between the presence and 
concentration of federally supported graduate research assistants 
(RAs) in a department and a variety of measures commonly as- 
sociated with departmental quality. 

• "There are significant differences in the utilization ' on re- 
search grants (l^s per S million) by field, with Che • laving 
almost 3x the utilization rate as the Biological Sciences 

• "There was a small overall shift in the concentration of federal RA 
support away from the highest rated (top 10 percent) departments 
to lesser rated quality departments. 

• "The presence of federal RAs appears to have a positive impact on 
certain outcome measures of graduate education." 
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Figure 2-11. 

Federal support of S/E graduate students, by type of 
:support:1980 and 1988 
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of Federal support, rising from 55 percent in 1980 to 66 
percent in 1988. 

DOD, concomitant with its increased research and de- 
velopment (R&D) funding during the period (see chapter 
4), supported 2,900 research assistantships in 1980 and 
5,900 in 1988. (See appendix table 2-18.) The National 
Science Foundation (NSF), which supports the lion's share 
of research fellowships among the Federal agencies, in- 
creased its fellowship programs by about 2 percent per 
year, from 1,300 to 1,600. The Department of Health and 
Human Services, which includes the National Institutes of 
Health (NIH), funded fewer fellowships and traineeships 
in 1988 than in 1980, despite recent small ir creases by NIH. 

In summary, the growth of federally funded R&D seems 
to have had the greatest impact on Federal support for 
graduate S/E students through the proliferation of lO- 
search assistantships built into Federal R&D grants. De- 



HIGHER EDUCATION S/E FACULTIES 

Four-year colleges and universities employ more doc- 
toral scientists and engineers each year. But since recent 
hiring rates have not kept pace with those of the 1950s and 
1960s, these scientists and engineers are relafively older— 
and hold higher ranks— than a decade ago. Moreover, in 
recent years, increasing proportions of scientists and en- 
gineers in academic settings report greater amounts of 
work in research and development, suggesting a growing 
"research intensiveness" of U.S. college and university 
campuses. There are, however, differences among broad 
S/E fields for each of these general trends, as discussed in 
the following paragraphs. 

Overall Employment Trends 

U.S. colleges and universities^^ employed approximate- 
ly 186,000 doctoral scientists in 1987— or 53 percent of the 
total doctoral scientists employed in the U.S.— and 24,000 
doctoral engineers, or 35 percent of the Nation's employed 
doctoral engineers. (See appendix table 2-19.) The number 
of doctoral engineers on U.S. campuses has increased at 
twice the rate of doctoral ^scientists: 10 percent per year 
versus 5 percent per year, on the average, since 1981. 

Patterns of Academic Employment 

The percentage of academic doctoral scientists and en- 
gineers who report teaching as either their primary or 
secondary work activity has not changed considerably 
over the years. (See appendix tables 2-20 and 2-21.) How- 
ever, some fields have considerably more doctoral staff on 
campus who perform research or other tasks to the ex- 
clusion of teaching. Up to 90 percent of mathematical 
Ph.D.s, for example, report teaching as a major work ac- 
tivity; in contrast, in the life sciences, only 60 percent to 65 
percent hav? teaching duties. Computer science and the 
physical sciences also have relatively large proportions of 
Ph.D.s on campus who do not teach. 

A growing research intensiveness of the Nation's cam- 
puses is further suggested in appendix table 2-20. Between 
1981 and 1987, across nearly all fields, increasing propor- 
tions of academic doctoral scientists and engineers iden- 
tified research and development as their primary work 
activity, while declining proportions identified teaching as 
their primary work activity. This general trend seems 
stronger in engineering than in the sciences: among doc- 
toral engineers, the percentage reporting R&D as their 
primary activity rose from 23 percent in 1981 to 33 percent 
in 1987; corresponding growth among scientists was from 
29 percent to 35 percent. 



^^The discussion throughout this section refers only to employment at 
4-year colleges and universities. 



S8 




72 



■J- 



Text table 2-3. Academic doctoral scientists and engineers, by age »nd field 



Percentage under 40 Percentage 50 or older 





1977 


1981 


1983 


1985 


1987 


1977 


1981 


1983 


1985 


1987 


All scientists and engineers . 


45 


38 


33 


32 


29 


26 


30 


32 


32 


34 




45 


39 


34 


32 


29 


26 


29 


32 


32 


33 




. 46 


34 


27 


28 


25 


24 


32 


34 


35 


39 


Mathematical scientists . . 


53 


38 


30 


28 


29 


19 


24 


27 


32 


32 




57 


48 


48 


41 


31 


15 


20 


20 


19 


21 


Environmental scientists . . 


. 45 


36 


37 


32 


30 


24 


26 


31 


33 


33 




. 45 


42 


37 


35 


33 


27 


28 


30 


30 


31 




47 


45 


39 


38 


31 


25 


28 


30 


30 


33 




, 40 


35 


31 


28 


25 


30 


34 


S5 


34 


34 




. 38 


29 


28 


30 


27 


26 


34 


34 


37 


41 



See appendix table 2-19. 

Science & Engineering Indicators-^lQeQ 



Most of the increase in R&D has been focused on 
applied, rather than basic, research. In both science and 
engineering, doctoral employees report more work in ap- 
plied and relatively less work in basic research. (See ap- 
pendix table 2-20.) Moreover, since 1981, the number of 
academically employed doctoral scientists and engineers 
who report basic research as their primary activity has 
grown by 28 percent, compared with a 75-percent growth 
in reports of applied research. 

Only the mathematical and computer sciences go 
against these general trends, however. In the mathematical 
sciences, the increasing percentage of doctoral scientists 
reporting R&D clearly emphasizes basic over applied re- 
search (81 percent in 1981 to 89 percent in 1987, versus 16 
percent to 11 percent, respectively). In computer science, 
the recent high rates of growth in total employment in 
colleges and universities have left the percentage of total 
employment engaged primarily in either teaching or re- 
search virtually unchanged. Also, the percentages report- 
ing either basic or applied research as a primary activity 
both increased at the expense of those researchers who 
reported development work in earlier surveys. (See ap- 
pendix table 2-20.) 

Academic Rank and Age 

Engineoring and most broad science fields have exper- 
ienced increases in senior faculty ranks since 1981.^^ In 



engineering, the percentage of the professoriate holding 
the rank of full professor has grown to 55 percent in 1987, 
an average annual rate of growth of 5 percent since 1981. 
(See appendix table 2-21.) Among the sciences, the physi- 
cal and mathematical sciences stand out with high percent- 
ages of faculty who are full professors; 58 percent and 50 
percent, respectively. Concomitantly, the ranks of assis- 
tant professors have decreased in these fields; the use of 
instructors has decreased in all fields. 

As a relatively new discipline, computer science has 
retained an anomalous position in the face of these general 
trends.^^ Compared with all other broad fields, computer 
science has more faculty with lower rank— e.g., 38 percent 
associate professors and 29 percent assistant professors 
versus 28 percent and 19 percent, respectively, in all S/E 
fields combined. 

On average, academically employed doctoral engineers 
and scientists were older in 1987 than in 1977. (See text 
table 2-3.) In all fields, docreasing percentage's were under 
40 years of age in 1987 than in 1977,and increasing propor- 
tions were over 50. In engineering, a recent upturn in the 
proportions under 30 may have ended in 1 987. (See appen- 
dix table 2-19.) Finally, in all fields, the proportions of 
doctorates employed in colleges and universities who are 
over 60 years of age increased considerably since 1977, and 
more than doubled (for example) in engineering and com- 
puter science.^"^ 



^^Thisand the next parogmph discuss only academic doctoral scientists 
and engineers who teach — i.e., "the professoriate" — as opposed to the 
total academic doctoral S/H employment discussed in the preceding 
paragraphs. 



'»\SB(1987), p. 4^). 

"For a discussion of possible future faculty shortages, see Lo;?ier and 
Dooris (IW). In Hl-Khawas (1%8), campus administrators reported 
shortages of faculty in computer '.cience and an inability to fill vacancies 
in mathematics. 
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Science and Engineering Workforce 



HIGHLIGHTS 



• Betiveen 1980 and 1988, the number of those employed in 
science and engineering (S/E) jobs in private industry in- 
creased at a rate almost twice tfiat for all workers. Concur- 
rently, the occupational and industrial mix of S/E em- 
ployment experienced major changes. (See p. 63.) 

• Approximately 2.0 million scientists and 2.6 million engi- 
neers were employed in the S/E workforce in 1988. Science 
employment nearly doubled since 1980, while employ- 
ment of engineers increased by almost 75 percent. (See 
p. 66.) 

• Almost one-fourth of all scientists and one-tenth of all en- 
gineers employed in the United States in 1988 were working 
.*« non-S/E activities. Within science fields, social scien- 
tists and computer specialists were the most likely to 
report non-S/E employment, while mechanical and 
electrical/electronics engineers were the most probable 
among engineering subfields. (See p. 66.) 

• Women scientists and engineers represented about 13 percen t 
of the S/E workforce in 1986, up from 11 percent in 1980. As 
a proportion of the total workforce, however, only about 
1 percent of all employed women were working in S/E 
jobs in 1986, compared to almost 6 percent of all em- 
ployed men. (See p. 67.) 

• Blacks continued to be underrepresented in science and en- 
gineering in 1986, accounting for only 2.2 percent of the S/E 
workforce. In contrast, Asians represented almost 6 per- 
cent of those employed in science and engineering, 
while native American scientists and engineers repre- 
sented somewhat less than 1 percent of total S/E em- 
ployment. (See pp. 67-68.) 

• At the doctoral level, scientists outnumbered engineers by 
about five to one in 1987 (351,000 versus 68,000). Over the 



1981-87 period, total employment growth forbothscien- t 
tists and engineers averaged nearly 5 percent per year. 
(See p. 68.) t 

• The job tnarket was favorable for scientists and engineers in = 
most S/E fields in 1986. Unemployment rates averaged 1.9 / 
percent for scientists and 1 .2 percent for engineers, com- 
pared to 2 percent and 7.2 percent, respectively, for all 
professional and technical workers and the total work- 
force. (See p. 73.) 

• Over the 1988-2000 period, the number of jobs for scietitists r 
and engineers in private industry is expected to increase by 
over 600,000, with three-fifths of these neio jobs to be located 

in the services-producing sector. The faster creation of S/E T 
jobs in this sector continues the trend observed between 
1980 and 1988. Overall, the proportion of industry S/E t. 
jobs in the services-producing sector is expected to in- > 
crease from 43 percent in 1986 to 46 percent by the year ; 
2000. (See p. 74.) . , C 

• Between 1988 and 2000, the occupational composition of 
industry jobs is expected to change away from production and v 
assembly-line jobs toward professional, managerial, and tech- v 
nical occupations. Thus, while industry as a whole is 
expected to provide approximately 9 percent more jobs & 
between 1986 and 2000, employment opportunities for I: 
S/E jobs are projected to increase by about 34 percent. ' ■ 
(See pp. 76-77.) f 

• The United States led the United Kingdom in the number of 5- 
scientists per 1 ,000 total labor force (12 versus 8 per 1 JOQO) 
and was second to japan in the n umber of engineers per 1 ,000 
labor force (1 8 versus 19 perl ,000) in the early 1980s. (See i 
p. 82.) 



Over the next decade, several factors will combine to 
substantially affect thedemand forand supply of scientists 
and engineers. On thedemand side, two factorsare worthy 
of consideration: 

(1) 77;f^ uecd for ivorkcr$ stemming from economic 
growth, changing technology, and competitive chal- 
lenges; and 

(2) The fiecd to replace loorkers who leave the science and 
engineering (S/H) workforce due to death, retire- 
ment, transfer to other occupations, and emigration. 



Of the two factors, the latter will translate into the larger 
demand. The increases needed in new S/E workers are 
expected to be at lower levels of growth than in the early 
and mid-1980s; however, employers will need larger num- 
bers of replacements for attrition from the overall growing 
S/E labor force. 

On the supply side exist concerns as to the impact on 
future levels of new S/E graduates of a declining college- 
age populnt'un. This diminishing population has already 
resulted v^ falling rate of growth in S/E bachelor's de- 
grees. Anoaier factor affecting the future supply of new 
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S/E graduates is a change in the ethnic and gender mix of 
the college-age population. In the future, this population 
will have higher proportions of minorities and women (see 
figure 3-1 )— groups that until now have had relatively low 
participation rates in S/E education J 

These and other diverse factors will together determine 
the future balance of the S/E labor market. This chapter 
closely examines past and projected growth of S/E jobs in 
the industrial sector, which forms the core of demand for 
S/E occupations (about two-thirds of total S/E employ- 
ment). Information on S/E supply is also presented. For 
the first time, this includes a numerical illustration and 
detailed analysis of S/E personnel flows into and out of 
the workforce. 

Finally, this chapter provides comparative data on inter- 
national science and engineering employment. 

INDUSTRIAL S/E JOB PATTERNS 

Between 1980 and 1988, the number of those employed 
in S/E jobs in private industry^ increased at a rate almost 
twice that for all workers. (See figure 0-8.) Concurrently, 
the occupational and industrial mix of S/E employment 



»NSF (1988a), p. 29. 

^The 1980-88 data on personnel employed in private industry S/E jobs 
in this section are from the U.S. Bureau of Labor Statistics Occupational 
Employment Statistics surveys. These surveys are of establishments and 
reflect employers' staffing patterns. 



Figure 3-1. : 

Distrlbuton of 20- to 24-year«old population and labor 
fo(c»» by.gwclera 19Q8 anid pr^^^ 2000 
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experienced major changes. For example, overall employ- 
ment in the services-producing industries — which 
benefitted from substantial economic growth — increased 
by 29 percent. The corresponding increase in S/E employ- 
ment in the sector was even greater: 57 percent. (See figure 
3-2.) This increase, however, has stemmed less from 
growth within the sector than from an increased share of 
declining total manufacturing jobs. 

Services-Producing Industries 

The services-producing industries are divided into four 
major divisions: 

• Communications, utilities, and transportation; 

• Trade; 

• Financial services; and 

• Business and related services. 

Together, these industries provided jobs for approx- 
imately 446,000 engineers and 359,000 scientists in 1988, 
up from 306,000 and 207,000 (respectively) in 1980. 

Over the 1980-88 period, the concentration of total S/E 
jobs in the private sector gradually shifted from goods- 
producing industries to services-producing industries. In 
fact, the proportion in the latter sector increased from 38 
percent in 1980 to an estimated 43 percent in 1988.^ This 
increase can be attributed to (1) a faster rate of employment 
growth for S/E personnel in services-producing indus- 
tries/ and (2) the sector's overall economic and employ- 
ment growth Total employment in services-producing 



^NSF{1988b),p.2, 



Figure 3-2. 

inereeae in aclenca, engineering, and total Jobs in 
private industry, by sector: 1980-88 




See appendix table 3-i. 
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industries grew at an average annual rate of 3.2 percent 
between 1980 and 1988; the number of S/E jobs increased 
on average by 5.8 percent. The proportion of the services- 
producing workforce in S/E positions rose during this 
time from 1.3 percent of total employment in 1980 to an 
estimated 1 .6 percent in 1988. 

Business and Related Services. This was the largest 
and second fastest growing division of the services-pro- 
ducing sector over the 1980-88 period. The major em- 
ployers of S/E workers in this division were involved in 
computer and data processing services, engineering and 
architectural services, and independent research and de- 
velopment (R&D). There were 310,000 engineering jobs 
and 183,000 scientist positions in this division in 1988, 
accounting for 70 percent and 51 percent, respectively, of 
the services-producing sector's engineering and science 
jobs in 1988. (See figure 3-3.) During the 1980-88 period, 
the number of jobs for engineers increased at an average 
rate of 7.1 percent per year, slightly higher than the 5.3-per- 
cent annual rate for scientists. (See figure 3-4.) 

Several factors influenced the S/E job growth in busi- 
ness and related services. First, the revolution in informa- 
tion technologies and strong demand for informa- 
tion/data services created increasing employment 
opportunities for S/E workers in computer and data pro- 
cessing services. Also, new methods of delivering informa- 
tion-related services led to the development of major 
growth segments in this industry. For example, the exten- 
sive use of local area networks and electronic data inter- 
change networks developed mostly over the past 5 years. 

Financial Services. The most rapid S/E job growth in 
the services-producing sector occurred in the financial 
services division (i.e., firms engaged in banking, credit, 

Flgure3-3. ''^^-^'^'-K-pr^--^^^^ 
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Figure 3-4. 

Annual rstds of growth for selencs, snglnsering, and 
total ipbs in sarvlcas-producing Indusirias: 1980-88 
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insurance, and real estate). Increasing use of technological 
advances and computerized services resulted in greater 
requirements for computer specialists and mathematical 
and social scientists. Between 1980 and 1988, jobs for these 
workers rose at an average annual rate of 11 percent; 
further, workers in these fields accounted for approx- 
imately 90 percent of this division's 122,000 S/E jobs in 
1988. ^ 

Factors Behind Growth in Service Industries, The re- 
cent growth of service industries and their S/E employ- 
ment is not simply due to a transfer of jobs to them by 
goods-producing industries as these latter contract out 
activities formerly performed in-house. Such transference 
is not a major factor, since both the numbers and share of 
total employment in technical occupations within the 
goods-producing sector are increasing. A.lso, according to 
a recent study by the U.S. Bureau of Labor Statistics (BLS), 
the transfer of work formerly done in-house by manufac- 
turers accounted for— at best-— only a small fraction of the 
growth in the services-producing sector. 

Rather, the growth in industries serving producers has 
been primarily attributed to increases in the supply of new 
services.* The continued development of new services 
should keep demand growing for the outputs of these 
industries even as scientific and technical employment in 
the goods-producing industries that they service contin- 
ues its upward growth. 

Goods-Producing Industries 

The goods-producing industries fall into the major di- 
visions of: 



*TsclK'tter(1987). 
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• Durable goods manufacturing, 

• Nondurable goods manufacturing; 

• Mining; and 

• Construction, 

Together, these divisions provided jobs for 830,000 en- 
gineers and 225,000 scientists in 1988, compared to 686,000 
and 167,000— respectively— in 1980. 

S/E jobs in goods-producing industries expanded at an 
average rate of 2.7 percent per year between 1980 and 1988. 
(See figure 3-5.) Unlike the services-producing industries, 
total employment in this sector experienced no growth 
over this period: a small increase in total employment 
growth in construction was offset by declines in the min- 
ing and both manufacturing divisions. S/E job growth in 
the manufacturing divisions was maintained for several 
reasons, including increases in; 

• Defense spending, 

• Technological competition, 

• Pressure to improve productivity, 

• High-technology capital investment, and 

• R&D expenditures. 

Durable goods manufacturing was the largest provider 
of S/E jobs in the goods-producing sector; in 1988, over 80 
percent of the sector's engineering jobs, and 51 percent of 
its science jobs, were in this divi&ion. (See figure 3-6.) Major 
S/E employers within this division in 1988 were: 

^>fFljiure3-5. 

Annual rates of growth for select, enginMring, and 
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Figure 3-6. 
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• Aerospace industries (manufacturers of aircraft and 
parts, space vehicles, and guided missiles) with 24 
percent of the division's S/E jobs; 

• Makers of communication equipment, 15 percent; 

• Office and computing equipment manufacturers, 12 
percent; and 

• Electronic components industries, 12 percent. 
Occupations 

While industry as a whole was providing increasingly 
greater employment opportunities in almost all S/E occu- 
pational categories between 1980 and 1988, services-pro- 
ducing industries remained ti le primary source of employ- 
ment for most scientists (most notably computer 
specialists and social scientists), while engineers contin- 
ued to find more job opportunities in the goods-producing 
sector. The proportion of scientists employed in services- 
producing industries rose in every major category be- 
tween 1980 and 1988. The share of most engineering sub- 
fields in the goods-producing sector increased a small 
amount over the period. The goods-producing and ser- 
vices-producing sectors showed similar occupational pat- 
terns of S/E employment in 1988. 

UTILIZATION OF S/E PERSONNEL 
Employment Levels and Demographic Trends 

In 1988, approximately 5.9 million persons in the United 
States were — by virtue of their education and work ex- 
perience — consideied scientists (2.8 million) or engineers 
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(3.1 million).^ Only 72 percent of these scientists (2.0 mil- 
lion) and 85 percent of these engineers (2.6 million) were 
in the S/E workforce, however. The remaining scientists 
and engineers were either employed in non-S/E jobs, un- 
employed and seeking employment/ or outvside the labor 
force. 

Scientists and engineers employed in non-S/E jobs are 
not necessarily underutilized, however, since their S/E 
training and education may be prerequisites for--or pro- 
vide valuable inputs to— their work. Of those scientists 



'Broadly speaking, a person is considered a scientist or engineer if he 
or she meets at least two of the following criteria: 

• Has earned a degree in science (including social science) or engineer* 
in& 

• Has been employed in an S/E occupation, and /or 

• Has professionally identified himself or herself as a scientist or 
engineer on the basis of total education and work experience. 



v^ho reported non-S/E employment in 1988, almost one- 
third (208,000) were social scientists, and approximately 
one-fourth (158,000) were computer specialists. (See figure 
3-7.) Among engineers employed in non-S/E activities at 
that time, one-fifth (51,000) were mechanical engineers 
and another 17 percent were electrical/electronics engi- 
neers. 

Overall S/E Etnployment Growth and Concentration.^ 
Employment growth of scientists in the S/E workforce 
varied from that of engineers during the 1980-88 period. 
Science employment nearly doubled during thi ^ time; em- 
ployment of engineers increased by almost 75 percent. (See 



^/E employment includes only those scientists and engineei's em- 
ployed in science and engineering jobs, unless otherwise indicated. Tech- 
nician and other occupational groups that may be engaged in S/E*type 
work are not included. 



Figure 3-7. 
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Figure 3-8. 

8elentlat« and anglnMis amptoyad in S/E Joba; 1980-88 
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figure 0-9 in Overview.) Overall, the S/E workforce grew 
by 7.8 percent per year during this period. In comparison, 
total U.S. employment increased by only 1.8 percent per 
year7 Consequently, the proportion of the workforce 
employed in science and engineering grew from 2.6 per- 
cent in 1980 to 4.1 percent in 1988. (See figure 3-8.) In 
addition, real gross national product (GNP)— an indicator 
of overall economic activity — increased at an annual rate 
of only 3.0 percent over the period.^ 

Almost half of both scientists and engineers in the 5/E 
workforce were concentrated in either of two fields in 
1988. Among scientists, 47 percent were employed as ei- 
ther computer specialists or life scientists; for engineers, 46 
percent were cither electrical/electronics or mechanical 
engineers. 

Employment of Women and Minorities. Approxi- 
mately 13 percent of the S/E workforce were women in 
1986, up from 11 percent in 1980. As a proportion of the 
total workforce, however, only about 1 percent of all 



^Council of Economic Advisers (1989), p. 347. 
nbid.,p.310. 



employed women were working in S/E jobs in 1986, com- 
pared to almost 6 percent of all employed men.^ Women 
accounted for a much larger share of employment in the 
science workforce than in engineering. While almost 26 
percent of scientists in the S/E workforce were women in 
1986, only 4 percent of engineers were female. (See figure 
O-IO in Overview.) Among scientists, women represented 
42 percent of all psychologists in 1986, but only about 13 
percent of the physical and environmental scientists. In 
engineering, women accounted for between 3 percent of 
both mechanical and electrical /electronics engineers and 
almost 8 percent of chemical engineers. 

Blacks accounted for only 2.2 percent of those employed 
in S/E jobs in 1986. (See figure 3-9.) In the general work- 
force, they represented 10 percent of total U.S. employ- 
ment and almost 7 percent of those employed in the profes- 
sional and related workforce.^^ In contrast, Asians 
represented less than 2 percent of the U.S. labor force and 
only 3 percent of those in professional fields/' but almost 



''U.S. BLS (1987b), p. 8. 
'^U.S. BLS (1987a), p. 179. 

Bureau of the Census (1983). 
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6 percent of all scientists and engineers. Native American 
scientists and engineers represented somewhat less than 1 
percent of total S/E employment; this was roughly similar 
to their participation in the overall U.S. labor force.^^js 

Approximately 2.1 percent of the scientists and engi- 
neers in the S/E workforce in 1986 were Hispanic.^* 
Roughly 6.6 percent of all employed persons were of His- 
panic origin, as were 3.3 percent of those in professional 
and related occupations.^^ 

Doctoral Scientists and Hngmeers 

Employment of thone holdinj^ science snd engineering 
doctorates reached 419,0W r \ An increase of 22 per- 
cent since 1981.^^ The employment growth of S/E doc- 



"Ibid. 

^^Data for native Americans should be vit?vv\Ki wilh caution, however, 
since the estimates for both scientists and engineers and for the overall 
U.S. labor force are based ou an individual's uv^n clniisiHcation a\: to ' is 
or her native American heritage; such perceptions me^y change over time. 

"Hispanics are a diverse ethnic group, end it v*;ould be desirable to 
distinguish among Mexican Americans, Puerto Ricans, and othtr His- 
panics,sincetheirrespectivesocloeconomicbackgroundsand reasons for 
underrepresentationmaydiffer. Becauseof data limitations however/the 
present discussion on Hispanics treats them in aggregate. 

"U.S. BLS (1987a), p. 179. 

''This 419,000 includes 40,500S/E doctorate-holders employed in non- 
S/E jobs. Detailed data comparable to that for all scientists and engineers 
employed in S/E jobs are not available. 



torate-holders between 1981 and 1987 slowed from that of 
prior years, increasing by 3.3 percent per year versus 4,8 
percent per year between 1977 and 1981. 

Because scientists are more highly concentrated than 
engineers in academia, where higher levels of education 
are required for professional status, there is a higher pro- 
portion of science doctorate-holders. In fact, scientists at 
the doctoral level outnumbered engineers by about five to 
one in 1987 (351;000 versus 68,000); this ratio was virtually 
unchanged during the 1980$. 

In 1987, doctoral women and men scientists and en- 
gineers were employed in different fields. A higher pro- 
portion of Ph.D. women (97 percent) than men (81 percent) 
were scientists; over four-fifths of these women were in 
either the life sciences, psychology, or the social sciences. 
(See figure 3-10.) Ph.D. men, in contrast, were concentrated 
in either the life or physical sciences* Within engineering, 
women doctorate-holders were more likely to be con- 
centrated in either electrical/electronics or materials en- 
gineering; men were most likely to be employed in electri 
cal/electronics engineering. 

Blacks constituted only about 1.5 percent (6,400) of all 
employed doctoral scientists and engineers in 1987: this 
was a slight (1.3 percent) increase over 1981. The almost 
37,000 employed Asians in 1987 represented about 9 per- 
cent of the total, up slightly from 8 percent in 198h (See 
figure 3-11.) 

Hispanic Ph.D. scientists and engineers represented 1.6 
percent of all doctoral scientists and engineers in 1987, up 
from 1.4 percent in 1981. Among doctorate-holders, His- 
panics were slightly more likely than all Ph.D.s to be 
scientists rather than engineers. 



Figure 3-10. 

Distribution of employed doctoral scientists and 
engineers, by field and gender: 1987 
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SUPPLY AND DEMAND FOR S/E 
PERSONNEL—LABOR MARKET INDICATORS 

The demographic employment trends discussed above 
indicate that women and ethnic minorities have been 
steadily increasing their representation within a rapidly 
growing science and engineering workforce. These trends, 
however, do not indicate whether the S/E workforce has 
expanded sufficiently to keep pace with the needs of the 
economy. To help assess S/E labor market balance, and 
the extent to which the S/E workforce is uti'lzing women 
and minorities, several labor market indicators can be 
used. General measures of S/E .'^upply and demand con- 
ditions include: 

bor forc^ participation rates, 

• Unemployment rates, 

• S/E employment rates, 

• Experience of recent S/E graduates, 

• Recent hiring experiences of S/E employers, and 

• Trends in S/E recruitment 



While no single statistic can provide a firm basis for 
measuring shortages or surpluses of scientists and en- 
gineers, some statistics — when analyzed together— allow 
for meaninj,ful inferences about the condition of the S/E 
labor murket. 



The S/E labor force includes scientists and engineers 
who are employed — either in or out of f cience and en- 
gineering — and those who are unemployed but seeking 
employment. The labor force is a measure of those who are 
economically active and thus directly available to carry out 
national efforts in scienco and technology. Labor force 
participation rates measure the fraction of the S/E popula- 
tion in the labor force. Low rates would suggest that many 
cf those with S/E training and skills are not using these 
skills in S/E or other jobs. 

In 1986, approximately 9b percent of the S/ E population 
was in the labor force, wHh scientists and engineers equal- 
ly likely to be working or seeking employment. This rate 
is higher than the 82-percent rate for the general popula- 
tion with 4 or more years of college. 

The difference in participation rates cannot be ac- 
counted for by differences in the gender composition of 
the S/E versus th*^ ^ meral population. Stratification by 
gender shows that the participation rate for women in 
science and engineering was about equal to that for men 
(94 percent versus 95 percent\ with little variation among 
S/E fields. In comparison, women and men in the general 
populadon who had completed 4 or more years of college 
had participation rates of 74 percent and 88 percent, re- 
spectively. Over the 1980-86 period, participation rates 
increased for women scientists and engineers, rising from 
90 percent in 1980; rates remained stable for men. 

Black scientists and engineers reported a labor force 
participation rate of 97 percent in 1986. This was slightly 
higher than the 96-percent rates for both Asians and naiive 
Americans; for whites, the rate was 94 percent. The S/E 
participation rate for blacks was much higher than that for 
blacks in the overall population (63 percent) or for black 
coU^ige graduates (87 percent). Since 1980, the labor force 
participation rate for black scientists and engineers has 
remained relatively stable; for Asians, the rate has declined 
from 98 percent in 1980, 

Unemployment Kates 

A standard measure of labor market conditions is the 
unemployment rate, which measuies the proportion of 
those in the workforce who are not employed but seeking 
work. In the 1980s, scientists and engineers have been 
maintaining their labor market position, although they 
have been outperformed by both the general labor force 
and all professional and related workers. In 1980, the 
unemployment rates for scientists and engineers were 1 .b 



*^U.S. BLS (1987c). 
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percent and 1.0 percent, respectively, compared to 2.5 
percent for all professional and technical workers and 7.1 
percent for the entire U.S. workforce. In 1986, the rate for 
all professional and technical workers had fallen to 2.0 
percent and the rate for the total workforce rose to 7.2 
percent.'** S/E unemployment increased slightly faster, 
rising to 1.9 percent for scientists and 1.2 percent for en- 
gineers in 1986. 

Comparisons by gender show that the unemployment 
rate for women scientists and engineers was more than 

'"^8.813(19873),?. 168. 



twice that for men in 1986: 2.7 percent versus 1.3 percent. 
(See figure 3-12.) The rate for S/E women was substantial- 
ly lower than that for all women in the United States (7.1 
percent), but similar to that for women in professional 
occupations (2.3 percent) and women college graduates 
(2.4 percent). Since 1980, unemployment rates for both 
women and men scientists and engineers have increased 
from 1.5 percent and 1.0 percent, respectively. 

The unemployment rate for black scientists and en- 
gineers in 1986 averaged 3.8 percent; this rate was more 
than twice that for white scientists and engineers (1.5 
percent) and Asians (1.8 percent), and more than three 



Figure 3-12. 

Unemployment rates of scientists and engineers, by field and gender: 1986 
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times higher than the rate for native Americans (1.2 per- 
cent). 

S/E Employment Rates 

The S/E employment rate measures the extent to which 
employed scientists or engineers have an S/E job. Reasons 
for non-S/E employment include lack of available S/E 
jobs, higher pay for non-S/E employment, location, or 
preference for a job outside of science and engi neering. 

In 1986, tho S/E employment rate was 85 percent (down 
from 89 percent in 1980); the rate for engineers (92 percent) 
was substantially above that for scientists (77 percent). (See 



figure 3-13.) Within science fields, the rates ranged from 61 
percent in the social sciences and 78 percent in the com- 
puter specialties to 87 percent in the environmental and 
physical sciences. 

Rates by Gender. Women scientists and engineers are 
less likely than men to work in science- or engineering-re- 
lated activities. In 1 986, ^he 8/ E employment rate for wom- 
en was 75 percent; that for men was 80 percetit. These rates 
have declined steadily for both women and men through- 
out the eighties: in 1980, the rates were 87 percent and 89 
percent, respectively. The somewhat larger decline for 
women partially reflects their high concentrations in psy- 
chology and social science— fields in which S/E employ- 
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ment rates have fallen dramatically during the eighties for 
both women and men. More than one-third of women, 
compared with ut one-tenth of men, were in one of 
these fields in 19b6. 

S/E employment rate3 for men and women vary by 
field, with the widest fluctuations occurring in the scien- 
ces. In 1986, the S/E employment rate for women scientists ' 
was 72 percent, compared with 78 percent for men. In 
engineering, however, the rate for women (94 percent) was 
above that for men, 

Rates h}f Race. The S/E employment rate for black 
scientists and engineers was 77 percent in 1986, compared 
to 85 percent for whites and 88 percent for Asians. The 
higher rate for Asians in 1986 reflects the relatively large 
proportion of Asians who are engineers rather than scien- 
tists. On average, the S/E employment rate for Asian 
engineers was 95 percent in 1986, compared to 92 percent 
for whites and 90 percent for blacks. The S/E employment 
rate for black scientists was below that for whites and 
Asians across most major fields of science except mathe- 
matics: here the rate for blacks (90 percent) was above that 
for both whites (79 percent) and Asians (70 percent). 

Experience of Recent S/E Graduates 

The experience of recent S/E graduates is another in- 
dicator of the degree of market balance, hi general, if the 
demand for scientists and engineers is greater than the 
supply at existing salary levels, the proportions of recent 
graduates who obtain jobs in science or engineering will 
be relatively high. Those proportions, however, vary con- 
siderably by field. This section presents data from a 1986 
national survey of 1984 and 1985 bachelor's and master's 
degree recipients. 

Unemployment Rates. In 1986, relatively few recent 
S/E graduates were unable to find employment; only 3.7 
percent of the graduates with bachelor's degrees in sci- 
ence, and 2.4 percent of those with engineering degrees, 
reported that they were unemployed. For master's degree 
recipients, the rates were 2.6 percent for those with degrees 
in science and 1.2 percent for recipients of engineering 
degrees. 

Unemployment rates were similar for men and women 
at the baccalaureate level; some differences began to arise 
at the master's degree level, however. For those who re- 
ceived their degrees in 1984 or 1985, unemployment rates 
for recent S/E bachelor's recipients were 3.4 percent (men) 
and 3.7 percent (women) in 1986. At this level, unemploy- 
ment rates for women were below those for men in math- 
ematics, the environmental sciences, psychology, and al- 
most all engineering subfields. At the S/E master's degree 
level, the rate for women (3.2 percent) was almost twice 
that for men (1.7 percent). With little exception, women's 
unemployment rates were higher than men's across all 
fields. 

S/E Employment Rates. S/E employment rates for re- 
cent S/E graduates with master's degrees were similar to 
those for more experienced scientists and engineers, while 
the rates for bachelor's degree recipients were lower." The 

"NSF(1987),p.89. 



greater opportunities for employment in science ..nd, .o a 
lesser extent, engineering jobs for master's degree-holders 
may reflect the higher levels of investment in field-specific 
training; fewer S/E job openings at the bachelor's level 
may indicate entry-level job requirements for advanced 
degrees. 

For both master's and bachelor's degree recipients, S/E 
employment rates varied between scientists and engi- 
neers. (See figure 3-14.) At the master's level, 79 percent of 
science graduates were working in S/E occupations, com- 
pared with 95 percent of engineering graduates. For most 
science fields, almost 90 percent of those with master's 
degrees were employed in S/E occupations; the life (81 
percent) and social sciences (56 percent) were the excep- 
tions. Although rates were lower for bachelor's degree 
recipients, the same general pattern prevailed. The aver- 
age rate for engineers (89 percent) was substantially higher 
than that for scientists (53 percent); the lov/est rate was 
recorded by social scientists (31 percent). 

The S/E employment rates for men generally were high- 
er than those tor women at both the bachelor's and mas- 
ter's degree levels. The specific field concentrations of each 
gender contributed to some of the difference in these rates. 
For example, the low S/E employment rate in the social 
and behavioial sciences, coupled with the concentration of 
women in these fields, effectively lowered the average S/E 
employment rate for women. On the other hand, the high 
S/E employment rate in engineering— in which men were 
predominant— had the effect of raising men'saverage rate. 
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Mobility. Substantial field mobility can be identified 
at entry to the labor market, a characteristic resulting from 
supply /demand adjustments and flexibility of S/E per- 
sonnel. In 1986, for example, 30 percent of the recent 
bachelor's and 23 percent of recent master's graduates 
working as computer specialists did not receive their de- 
grees in the compul iences. (See figure 3-15.) Rather, 
graduates in mathematics, engineering, and the social sci- 
ences—responding to the job opportunities in computer 
specialties—accounted for the majority of influx from oth- 
er S/E fields. 



l^mployer Shortages of S/E Personnel 

Another direct indicator of S/E supply and demand 
imbalances in the S/E labor market is the reported ex- 
perience of employers in meeting their staffing require- 
ments. An NSF survey of the industrial S/E labor market, 
conducted in January 1989, found that nearly 46 percent of 
the establishments in major S/E-employing industries re- 
port a shortage in at least one field of science or engineer- 
ing. While many establishmentt: reported shortages, such 
positions were distributed across a variety of S/E fields 
and were not concentrated in a single discipline. 

Science and engineering fields with the highest reported 
levels of shortages were: 



• Electronics engineering— 22 percent of employers re- 
porting; 

• Chemistry— 21 percent; 

• Electrical engineering, computer engineering, and 
computer science— 20 percent each; and 

• Chemical engineering — 18 percent. 

Across all fields, 80 percent of the employers of scien- 
tists, and 75 percent of the employers of engineers, re- 
ported plans to hire experienced personnel rather than 
new college graduates, indicating that the supply of new 
graduates is less of a problem. 

The e^i Jilibrium between S/E supply and demand im- 
proved since the beginning of the 1980s, when at least 
one-half of the employers of most engineering and com- 
puter specialties subfields reported shortages.^" 

Engineering schools in the U.S. have reported what may 
be considered serious and persistent shortages of faculty. 
In 1986, almost percent of authorized full-time engineer- 
ing faculty positions were unfilled. Furthermore, many 
institutions reported that the authorized levels would be 
higher if it were possible to fill such positions.^^ Shortages 
of engineering faculty are grounded in the long-term de- 
cline in engineering doctorates awarded to U.S. citizens,^ 
and the increasing demand for engineering Ph.D«-holders 
in the industrial sector. 
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High Technology Recruitment Index 

The Deutsch, Shea, and Evans High Technology Re- 
cruitment hidex (HTRI) is another indicator of S/E labor 
market conditions. The HTRI measures the amount of 
advertising space in national newspapers devoted to re- 
cruiting scientists and engineers. Starting in 1975, the in- 
dex measured 69. By 1979, the index had risen to 145, 
reflecting the surge in S/E recruitment that occurred to- 
ward the end of that decade. Following the recession in the 
early eighties, the HTRI dropped to 102 in 1983, before 
recovering strongly to 134 in 1984. 

In the last 5 years, the HTRI has gradually declined, 
registering 103 in the second quarter of 1989— the lowest 
level of activity since 1983. (See figure 3-16 and appendix 
table 3-11.) 



Summary 

The employment indicators discussed above suggest 
that the labor market situation for scientists and engineers 
has been favorable since the mid-1980s. For example, it can 
be inferred from the relatively high participation ratf s and 
low unemployment rates that, in 1986, there was generally 
sufficient demand to accommodate the S/E labor force 



^'NSF (forthcoming). 
"NSF (1988c), p. 30. 
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(including recent S/E graduates). In addition, the mod- 
erate levels of shortages reported by employers in 1 988 and 
the declining S/E HTKJ would indicate that— -with the 
exception of engineering I'h.D.s— the S/E labor force hps, 
in general, been nearly sufficient to meet the economy's 
current needs. Finally, the data indicate that women and 
blacks are generally better utilized (relative to men and 
whites) in engineering than in the sciences. 

On the other hand, however, the balance between sup- 
ply and demand for S/E personnel hasbeen accomplished 
through means other than new S/E graduates with fully 
appropriate training in their occupational field. Substan- 
tia! occupational mobility^^ and increasing reliance on for- 
eign-origin personnel (native-bom U.S. citizens declined 
from 90 percent of the S/E labor force in 1972 to 83 percent 
in 1 982)2* have been largely responsible for the supply /de- 
mand equilibrium in the science and engineering labor 
market. 



PROJECTED S/E DEMAND IN INDUSTRY 

Over the 1988-2000 period, U.S. private industry is ex- 
pected to create more than 600,000 additional jobs for 
scientists and engineers.^^ S/E employment is projected to 



"Dauffenbach and Finn (1984). 
"NSF(1986),p.39. 

^'The projections of private industry's requirements for scientists and 
engineers used here were generated by NSF utilizing a modeling system 
developed by Data Resources (DRl), a private firm specializing J-i eco- 
nomic forecasting. NSF specified three projection scenarios— a "low," a 
"high," and a "mid"— using alternative sets of economic assumptions 
designed to encompass likely private sector performance during the 
simulation period of 1988-2000. (See appendix table 3-la.) Based on these 
assumptions, the DRl model generated estimate? of projected total em- 
ployment ly industry. The occupational structure applied to the total 
employment projections was developed by BLS. 

The scenarios are not predictions; consequently, departures from the 
assumptions on wluch the scenarios are based may alter future outcomes 
significantly. Three estimates of future requirements were prepared — a 
low, a high, and a mid trend; analysis here focuses on the mid trend. 



increase by over w^3 percent, nearly four timcn that of the 
overall industrial labor force. (See figure 3-17.) Despite the 
substantial growth, the projected gains in S/E require- 
ments should not match past increases, due to the overall 
slowdown expected in the 1990s of growth in the labor 
force, total employment, and GNP. 

Services-Producing Industries 

The 2.5 million S/E jobs in the year 2000 are expected to 
be somewhat more concentrated in services-producing 
industries than ..-ere the 1.9 million S/E jobs in 1988, 
because almost three-fifths of the increase in S/E jobs is 
projected to be in this sector. The faster creation of S/h jobs 
in the services-producing sector should continue the trend 
observed since 1980. At the projected rates of growth, the 
proportion of science jobs in the services-producing in- 
dustries would increase from 62 percent in 1988 to almost 
68 percent by 2000; the percentage of engineering jobs 
would go from 35 percent to 36 percent during this period. 
(See figure 3-18.) 

Total job growth is expected to be very strong for almost 
all of the services-producing industries through the year 
2000. By thai time, services-producing employment- 
should constitute about 70 percent of all private industry 
jobs. Almost 7 million new jobs are projected to be added 
to the sector between 1983 and 2000. 
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Figura3*18. 

Proportion of science, engineering, and total jobs 
In private Industry, by sector: 1980, 1988 and 
projected 2000 .-. 



70 60 50 40 30 20 10 0 v 0 10 20 30 40 50 60 70 




^:s«e.appendixta^i«3*.i,.r:*\ ; '-^noBSE^^ 



Jobs for scientists and engineers are expected to grow 
even faster than total sector employment due to an increas- 
ing share of that employment. Overall, employment in 
services-producing industries is projected to be about 13 
percent higher in 2000 than in 1988; S/E employment is 
expected to increase by almost 44 percent. The proportion 
of the services-producing workforce in S/E jobs is pro- 
jected to increase durr.g this tinie from 1 .6 percent in 1988 
to 2.0 percent by 2000, providing jobs for approximately 
5550,000 scientists and 600,000 engineers. 

Business and Related Services. This division will be 
the sector's major provider of new S/E jobs through the 
year 2000. About two-thirds of the new science positions 
and three-fourths of the new engineering jobs expected to 
be created m the services-producing sector will be gener- 
ated in this division. (See figure 3-19.) The number of S/E 
positions in business an^^ related services industries is 
expected to rise by almost 65 percent to about 740,000 — 
this represents 64 percent of the sector's S/E jobs in 2000. 

Growth in this division will derive from the need for 
systems design and analysis and software development. 
This need is expected to conlinue to be very strong, reflect- 
ing the increasing demand for specialized systems by busi- 
ness and government, as weil as the proliferation of pack- 
aged software for a wide variety of users. BLS projects that 
heavy investment in computer-assisted design and man- 



Figure 3-19. 
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ufacturing techniques will lead to a continuing increase in 
thr demand for computer specialists.^^ In addition, the 
development of new services should keep demand for 
independent research laboratories and management and 
other consulting firms very strong. 

The engineering and architectural services industry — 
the largest employer of engineers in the private sector — is 
expected to turn around from current declines brought on 
by low demand in recent years for its services by a prin- 
cipal customer; the nonresidential construction industry. 
The latter is projected to recover from the recent oversup- 
ply of office and commercial space, and will resume mod- 
est growth. Consequently, S/E job opportunities in en- 
gineering and architectural services will increase. 

FinanctQl Services. S/E jobs in this division should 
continue to grow faster than in most other industries. As 
the growth in demand for financial services proceeds un- 
abated, S/E job.s are expected to increase from 122,000 in 
1988 to almost 168,000 in the year 2000, reflecting greatly 
increasing use of computerized services and technological 
advances. 



^''For an nunlysis of long-rnnge uamomic Uonds and their projected 
impact on employment, see Personick (1987). 
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Goods-Producing Industries 

The goods-producing industries are projected to pro- 
vide almost 1.1 million jobs for engineers and 270,000 jobs 
for scientists by 20(0. Like the trend observed between 
1980 and 1988, there will be Httle if any growth in total 
emp)loyment in the goods-producing sector: declines in 
mining and nondurable goods manufacturing will offset 
small growth in construction and durable goods manufac- 
turing. Output growth in most manufacturing industries 
is expected to continue at near current rates without a 
coincident growth— and even (for some industries) with 
declines in— total employment. The forces behind this 
output growth are: 

• Investment, leading to higher productivity of the 
manufacturing workforce; and 

• The growing quality of the services purchased from 
the services-producing sector.^' 

Most of the increase in U.S. manufacturing S/E person- 
nel should be in durable goods.- (See figure 3-20.) While 
employment in non-S/E occupations in this division is 
projected to decline slightly over the 12-year period, S/E 
jobs are expected to rise by 256,000, or 32 percent. (See 
figure 3-2 1.) Nondurable goods industries are projected to 



2'Hirschhorn(1987),p.9. 



Figure 3-21. 

Projected change In number of S/E and non-S/E lobs In 
goodS'producing industries: 1988-2(H)0 
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See appendix table 3-1. 
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Figure 3-20. 

Distribution of new S/E jobs to be created in goods* 
producing industries: 1988'2000 
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lose a substantial number of non-S/E jubs^ even as growth 
in output continues at or higher than current rates. Due to 
occupational restructuring, however, S/E employment in 
these industries should increase by about 17 percent. 

Occupations 

During the 1988-20U0 period, the occupational composi- 
tion of industry jobs is expected to change, shifting away 
from production and assembly-line jobs toward profes- 
sional, managerial, and technical occupations. Thus, while 
industry as a whole is expected to provide approximately 
9 percent more jobs between 1988 and 2000, employment 
opportunities for S/E jobs are projected to increase by 
about 34 percent. 1 he disproportiona te rise in S/ E jobs will 
result fron general requirements for a higher proportion 
of workers with more education than in the past, and 
because the need to remain competitive will require an 
increasing number of S/E workers to update product de- 
sions, explore more cost-effective technology for produc- 
ing goods, and develop new products.^" 

The S/E occupation benefitting most from these trends 
has been, and should continue to be, that oif computer 



"For an excellent discussion of the economic fnctoi s affecting occupa- 
tional pattern changes, see Silveslri anc' '.ukasiowicz (1987). Also see 
Personick(1987). 
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specialist. This occupation is expected to have the largest 
employment gain (197,000 jobs) and the fastest growth (62 
percent) of any S/E occupation. (See figure 3-22.) About 
half of the employment gain for computer specialists is 
projected to occur in the business services division, pri- 
marily in computer and data processing services. The 
remaining increase should be spread throughout industry, 
as computers continue to be used more intensively by 
more industrial employers. New business and defense 
applications are expected to continue to be primary sour- 
ces of requirements for computer specialists. 

The electrical/electronics engineering occupation is 
projected to have the next biggest absolute employment 
gain, up by 162,000 jobs or by nearly 40 percent. This 
increase is expected to be divided almost equally between 
the goods- and services-producing sectors, with increases 
of 84,000 and 78,000, respectively. These engineering jobs 
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should be primarily in the manufacturing industries pro- 
ducilig communications equipment, computers, and other 
electronics equipment, and in the engineering and ar- 
chitectural firms servicing these industries. 



S/E SUPPLY OUTLOOK 

Stock and Flow of the S/£ Labor Market 

The flows of scientists and engineers into and out of the 
S/E workforc ^ are highly complex due to the many forces 
affecting them. Additionally, there is a lack of concurrent 
and comparable data on all of the segments comprising 
new supply to and attrition from S/E employment. To 
approximate the magnitudes of S/E flows and their rela- 
tive contributions to the overall stock of scientists and 
engineers, data from several different sources and time 
periods have been used and certain judgments exercised. 
No attempt is made here to infer current or future sup- 
ply/demand relationships from these data, but rather to 
illustrate the relative magnitudes of these flows — insofar 
as possible — from the historic data available. 

These flows are highly sensitive to such factors as: 

• S/E supply /demand conditions, including economic 
growth; 

• Defense and R&D spending; 

• The population demographics, interest, and capabil- 
ities affecting the number of new entrants and attri- 
tion from the stock; 

• Legislation and policy affecting the entry of foreign 
students and immigrants; and 

• Policies and laws regulating retirement ages, etc. 

The data in figure 3-23 are illustrative of the relative 
importance and magnitudes of the stock and the various 
flows. For this analysis, the most recent available estimates 
of the various stocks and rates of inflows and outflows are 
used to approximate the dynamics of change in the overall 
stock of natural scientists, engineers, and computer spe- 
cialists (NS,E&CS) between 1985 and 1986.^^ 

The stock of employed natural scientists, engineers, and 
computer speciaUsts in 1986 reflected: 

• Those who remained in NS,E&CS employment from 
the previous year— about 92 percent of the 1985 total; 



8m appendix table 3*1. 



SdencQA Engln$0ring lndicator&^1989 



^ComtV£»hle estimiites for social and bo, Hvioral scientists are shown 
on api ble 3 12* Unpublished tabulations by BLS from the 1983 

and ^'^^ . vfcnt Popuktion Surveys and the 1986 Occupational Em- 
ploy jtistics survey v^ere used to develop estimates of the stock of 
perso jinployed in S/E occupations. For more information on these 
surveys, see U.S. BLS (1982). Elsewhtre in this chapter, 1986 data are 
presented on the characteristics of persons who are classified as scientists 
or engineers based on their education and experience These data are not 
strictly comparable with the information in this section, which describes 
S/E occupational patterns. 
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Figure ?'23. 

if stimated changes In NS,E&CS stock and flow: 1985-86 
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• Outflows of workers who left NS;E&CS employment, 
i.e./ those who left the labor force, switched occupa- 
tions to non-NS/E&CS employment, became unem- 
ployed, died, or emigrated— about 8 percent of the 
1985 total; and 

• Inflows from persons who re-entered NS,E&CS work, 
recent graduates who took NS,E&CS jobs, technicians 
and other skilled workers who upgraded to or ob- 
tained NS,E&CS positions, and foreign scientists and 
engineers. 

Between 1985 and 1986, it is estimated that about two- 
thirds of such inflows were required to replace workers 
who left NS,E&CS employment; the remaining one-third 
covered the growth in NS,E&CS jobs that stemmed from 
economic expansion, increased militar}' expenditures, 
greater technological intensity, additional R&D, et al. 

Outflows From NS,E&CS Employment The total es- 
timated outflow during 1985 from the employed NS,E&CS 
workforce was about 8 percent of those employed as nat- 
ural scientists, engineers, and computer specialists at the 
beginning of the year. The remaining 92 percent of the 
NS,E&CS workers stayed in NS,E&CS work and com- 
prised the bulk of the NS,E&CS workforce tlie following 
year. 

Of the 8 percent of the workers who left NS,E&CS 
employment, the largest outflow — over two-fifths— was 
of persons changing to non-NS,E&CS occupations, fol- 
lowed by persons exiting the labor force (e.g., retirees, 
those returning to school, those choosing fo stay at home 
to rear children, etc.)— about one-third. The remainder of 
the outflow included aliens previously admitted to the 
U.S. and naturalized citizens who emigrated, those who 
became unemployed, and those who died.'^^ Each of these 
groups (except the last) represents a possible source of 
re-entrants to the NS,E&CS workforce. 



^Attrition uut of the labor force (except for death and emigration) was 
calculated by applying occupation-specific separation rates for the 1983- 
84 period, See U.S. BLS (1986), table C-L Aunual transfer rates to non- 
NS,E&CS occupations were estimated from longitudinal survey data of 
scientists and engineers in the 1980 population by their occupational 
status in 1982 and 1984 from tabulations of unpublished NSF data pre- 
pared by Dr. Robert Dauffenbach, Oklahoma State University. The trans- 
fer rates do not include persons who transferred to manager /admin- 
istrator jobs if these were related to the management or administration of 
NS,E&CS activities. The transfer rates also do not apply to transfers 
among NS,E&CS fields, but only out of the total NS,n&CS workforce. 
Amiml death rate$ by sex and age are from estimates for the population 
by the Bureau of the Census for the 1985-90 period applied to NSF 
distributions of scientists and engineers by age and sex. The "Low 
Mortality Assumption" table was used to account for differences in ra cial 
mix and type of employment between the general population and 
NS,E&CS workers. See U.S. Bureau of the Census (1984), table B-IA. 
Unemployment does not include the stock of unemployed in 1985, but only 
the net change in unemploy»nent from 1985 to 1986. Unemployment rates 
are from unpublished BLS occupation-specific data. See U.S. BLS (1986). 
Emigration rates were estimated separately for naturalized U.S. citizens 
and aliens. The rates are derived from estimates of average emigration 
for the 1981-85 period. See Finn and Clark (1988). The estimates for 
emigration assume that there is no net emigration of natural-born citi- 
zens. The data on alien S/E admissions are from the U.S. Immigration and 
Naturalization Service. 



Inflows to NS,E&CS Employment. Entrants are need- 
ed to fill the new NS,E&CS jobs created by economic 
growth and the increasing demand for NS;E&CS person- 
nel. In addition, replacements must be found for people 
who leave the workforce. About 260;000 of those em- 
ployed as natural scientists, engineers, and computer spe* 
ciaHsts left the NS,E&CS workforce between 1985 and 
1986. Analysis of the 1986 stock shows that, besides the 
replacements needed for this outflow, an additional 
140,000 people were hired to fill the approximately 5-per- 
cent increase in total NS,E&CS jobs created between 1985 
and 1986. The total estimated NS,E&CS inflows of 400,000 
are equivalent to about 12 percent of the 1986 NS,E&CS 
stock of 3.3 million. 

New U.S. citizen NS,E&CS graduates were the largest 
component of the total inflow to the 1986 stock, approx- 
imately 45 percent.^^ The second largest portion of the 
inflow, 38 percent, consisted of re-entrants to the NS,E&CS 
workforce of scientists and engineers who were doing 
non-NS,E&CS work or who were temporarily out of the 
labor force.^^ The recent foreign graduates of U.S. colleges 
and universities and direct immigration of experienced 
foreign NS,E&CS together accounted for about 10 percent 
of the inflow.^3 About 5 percent of the inflow were es- 
timated to be persons who were upgraded to engineering 
jobs.^ 



•^'The estimates for new bachelor's and master's degree graduate en- 
trants are from NSF(1987);theestimates for new Ph.D. recipients are from 
NSF (1988d). The data for new bachelor's and master's degree recipients 
are for the labor force status in 1986 of 1985 graduates who were not 
full-time graduate students in 1986. The data exclude foreign students 
who had a foreign address at the time of the survey. 

The labor force entrance rates for the 1985 graduates were adjusted 
upward, based on the status of 1984 graduates in 198b. The longer 
postgraduation lag tiir 3 was used to provide a more realistic estimate of 
the contribution of recent graduates to the NS,E&CS workforce, since 
participation rates increase substantially between the first and second 
year after leaving school. The data were also adjusted for an estimate of 
double counting of master's degree recipients and Ph.O s who may 
already have been employed in NS,E&CS jobs while in graduate school. 
Downward adjustments for Ph.D.s were made for those reporting their 
major source of support in pjaduate school as teaching or research 
assistantships, employer funds, or own earnings. The rates for employer 
funds and own earnings for Ph.D.s were applied to the master's n^nv 
entrants, as such data are not collected for them. 

All bachelor's new entrants were assumed to be first-time entrants. The 
aforementioned surveys of new entrants do not include those receiving 
the bachelor's of technology degree. An estimate for bachelor's of tech- 
nology degree recipients who became NS,E&CS workers was calculated 
by assuming the same labor force participation rates as for engineering 
bachelor's degree recipients and applying that rate to the 19,600 technol- 
ogy degrees awarded in 1985. The resulting 16,600 new entrants are 
included in the inflow to the NS,E&CS workforce. 

^^This proportion is the remainder of the inflow requirements for 
growth and replacement after accounting for the inflows of new grad- 
uates, immigrants, and worker upgrading. 

^Estimates for foreigners receiving U.S. bachelor's and master's de- 
grees are from flow rate estimates for l%l-82 from Finn (1985). Data for 
foreigners with U.S. Ph.D.s are for 1985 from NSF (1988d). 

^fn 1982, there were about 171, OIK) persons employed as engineers 
without a bachelor's degree, or roughly 16.3 percent of the employed 
engineering workers. See NSF (1984). These persons are loosely desig- 
nated as "upgraded workers." It is assumed that upgrading to engineer 
status for meritorious non-degreed persons from among the nearly 1 
million engineering technicians and other persons with S/E training 
would continue at about the same rate so as to maintain their share of 
total engineeiing jobs. 
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The 180,000-person inflow of new U.S. citizen NS,E&CS 
graduates between 1985 and 1986 was greater than the 
140,000-person increase in total NS,E&CS jobs created dur- 
ing this period. The difference (40,000) is the amount that 
the total outflow from 1985 exceeded the total inflow to the 
1986 stock, excluding nt *v graduates. 

Tite Stock of Possible NS,E&CS Re-Entrants. As noted 
above, almost 40 percent of the inflow to the 1 986 NS,E&CS 
stock were re-entrants to the employed NS,E&CS work- 
force. Included in this group are: 

• Natural science, engineering, and computer science 
graduates^s who had delayed entering the labor force, 
even though they are not, strictly speaking, re-en- 
trants; 

• NS,E&CS personnel who w*ire employed in non- 
NS,E&CS jobs in 1985; and 

• Other NS,E&CS personnel who had not worked in 
that year, including retirees from NS,E&CS employ- 
ment and those who temporarily left the labor force 
for child rearing or other reasons. 

The size of this group cannot be estimated reliably. 
There are substantial numbers of persons of working age 
with formal training in science and engineering who are 
not employed in NS,E&CS occupations. For example, in 
the 25 years between 1961 and 1986, 3.9 million bachelor's 
degrees in the natural sciences, engineering, and computer 
science were awarded in the United States, or roughly 
800,000 more than the number of persons employed in 
NS,E&CS occupations. However, the ability of this group 
to meet exigencies of possible future shortfalls in the sup- 
ply of new entrants is not known. The propensities of entr" 
to NS,E&CS jobs would vary substantially depending, 
upon the level of NS,E&CS training and experience held 
by these persons, their age, their attachment to their cur- 
rent employment or other labor force status, how long they 
have been away from NS,E&CS work, and on labor market 
conditions affecting employers' willingness to hire or re- 
train such qualified persons or to pay sufficient wages to 
attract qualified potential re-entrants from high-paying 
positions outside the NS,E&CS workforce. 

Further— -to the extent that the stock of potential 
NS,E&CS re-entrants does not match workforce require- 
ments by occupation, skills, or ex perience— the ability to 
supply needed workers will be limited. This group merits 
further study to address its contribution to the NS,E&CS 
workforce. 

Summary. The following summarizes the major 
points of this analysis of the stock and flow of natural 
scientists, engineers, and computer specialists between 
1985 and 1986. 

• Over the 1-year period of time, the stock was over 10 
times as large as the flow. A little more than 8 percent 



''For purposes of this analysis, recent graduates who are full-time 
graduate students are not included in the potential pool since estimates 
of their post-school employment status are made after they leave school. 



of the 1985 IsIS,E&CS workforce left and just over 12 
percent of the 1 986 NS,E&CS were new or re-entrants. 

• The most important factors in the estimated 1985 
outflow were those moving to non-NS,E&CS work 
(oyer two-fifths) and those leaving work (over one- 
third). Each of the other factors--death, unemploy- 
ment, emigration—accounted for one-tenth or less of 
the outflow. Since the total outflow was less than 9 
percent of the total stock, this means that each of these 
three other outflow factors accounted for between 
about 0.3 percent and 0.8 percent of the estimated 1985 
stock. 

• About two-thirds of the NS,E&CS inflows were used 
to replace outflows, while the other one-third was 
used for the growth in NS,E&CS employment. The 
most important factors in the estimated inflows to the 
1986 NS,E&CS were new U.S. citizen graduates 
(about 45 percent) and re-entrants (about 40 percent). 
Each of the other factors— worker upgrades, immi- 
gration, and new foreign graduates— accounted for 7 
percent or less of the inflow. As the total inflow was 
only about 12 percent of the total stock, this means 
that each of these latter three inflow sources accoun- 
ted for between about 0.4 percent and 0.9 percent of 
the estimated 1986 stock. 

The acknowledged lack of statistical precision in proce- 
dures used to estimate some of the minor factors in this 
section have relatively little effect on the results, as shown 
by some sensitivity testing. If, f oi example, the estimate for 
worker upgrades (admittedly a difficult number to es- 
timate given current data) is of f by as much as ±50 percent, 
the relative impact of this group on the 1986 stock would 
be between 0.4 percent and 1.1 percent— i.e., (25,000 ± 
12,500)/3,275,000. Similarly, the other, smaller factors for 
which estimates incorporating judgment had to be used 
would have minor impact even if a range of ±50 percent 
were used to sensitivity-test the effect of the estimating 
procedures. 

Given the high degree of stability of the stock of 
NS,E&CS employed and the demonstrated availability of 
multiple sources of supply it is clear that substantial ad- 
justments to changing sup^4y and demand conditions in 
the NS,E&CS labor market are possible. The major remain- 
ing questions about such adjustments are their costs (in 
terms of time and resources), whether they would be 
sufficient to meet a sustained increase in demand, and how 
the quality of NS,E&CS personnel would be affected. 

Outlook 

As long as the Nation maintains a vigorous economy, 
spot shortages and surpluses in some S/E fields seem to 
be unavoidable, as typified by recent shortages in some 
engineering subfields and computer specialties. While 
market forces generally have been able to remedy such 
imbalances in the past, future corrective actions may re- 
quire increased or new Federal policy measures. To meet 
the anticipated increase in demand for S/E personnel in 
the 1990s, several adjustments may have to occur because: 
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The size of the traditional 18- to 24-year-old college- 
age cohorts will dec'ine through the early 1990S; and 

Retirements may increase due to larger proportions 
^c: of experienced 5/ E workerci reaching 55 or older, 

Shortages may not necessarily develop. Some of the gap 
^Zmay be fUled by increased enrollment of the 18- to 24'year 
•- cohort as well as older students and foreigners, many of 
-Hwhom remain to work in the United States. In addition, 
.^;small shifts in the percentages of students choosing to train 
^^4in S/E fields, and in the proportions of graduates who 

V choose to enter S/E employment fields, could provide an 
adequate supply of new entrants to the S/E workforce.^^ 

There are other adjustments that can also occur. Labor 
:^iforce mobility is particularly important in instances of 
: tight markets when newly trained S/E entrants and S/E 
personnel in the experienced pool may be induced to leave 
their current fields of specialization and transfer into high- 
: er demand fields. This is what occurred in satisfying the 
'J: very high growth in demand for computer specialists. 
; There may also be fewer S/E-trained people attracted to 

V non-S/E jobs. Additionally, there may be delays in retire- 
ments of S/E workers in response to needs for their ser- 
vices; this has been the case in past engineering shortages. 
Finally, employers may provide training and upgrading 

i' of technician personnel. 

^f . What is uncertain is the magnitude of these possibly 
required adjustments. Past experience indicates that these 
supply movements, together with adjustments made by 

. employers, have been generally sufficient to meet the 

: growing demand for S/E personnel;^^ projecting ahead, 
however, is much more complex. For example, although 

' it is known that women, ethnic minority, and older stu- 
dents are a rising proportion of all undergraduates, it is 
uncertain how many of them will enter S/E employment 

: fields. Also, while it is believed that adjustments in enroll- 
ment patterns will be made in response to a growing 
demand for 5/E graduates, it is not clear that any adjust- 
ments wUl be sufficient to provide an adequate supply in 
the future. Further, many of the adjustments noted above 
could entail substantial costs and possibly affect he 
quality of the S/E workforce. 

INTERNATIONAL EMPLOYMENT OF SCIENTISTS 
AND ENGINEERS 

The employment of scientists and engineers is a sig- 
nificant indicator of the level of effort and relative national 
priority for science and technology among major indus- 
trial countries. While problems of comparability exist be- 
cause of differences among countries in their methods of 
data collection and estimation, international eniployment 



^Hansen (1986). 

^''For instance, a reconl report from the National Research Council 
concluded that, since 1972, a substantial portion of job openings for 
engineers has been filled from pools other than the traditional supply 
source of new U.S. citii?en engineering recipients, and that the supply of 
engineering talent has, therefore, been capable of adjusting to wide 
swings in employment, See NRC (1988), pp. 37-38. 



data provide meaningful insight into the relative strengths 
of the S/E workforces in the United States and other 
countries. 

In the early to mid-1980s, the number of nonacademic 
scientists and engineers employed in the United States 
exceeded the combined total of those in France, West 
Germany, Japan, and the United Kingdom. This result was 
not unexpected, because the total U.S. population is about 
the same as that of the other countries combined. Examin- 
ing the number of scientists and engineers as a proportion 
of each country's total labor force showed thai the United 
States employed the highest percentage of scientists and 
engineers, followed closely by (in descending order) Ja- 
pan, West Germany, the United Kingdom, and France. 
(See figure 3-24.) In all countries examined, service in- 
dustries predominated among employers of scientists, 
while manufacturing industries employed the largest pro- 
portions of engineers. 

In the United States and Japan, a quarter of the scientists 
and engineers employed in manufacturing industries in 
the early to mid-1980s were electrical/electronics engi- 
neers. Manufacturing industries in France employed rela- 
tively more civil engineers than in the other countries; 
West Germany employed a relatively greater proportion 
of natural scientists. A much higher proportion of Japan's 



Figure 3-24. 

Nonacademic scientists and engineers per 10,000 
labor fores for selected countries, by gender 
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scientists and engineers were employed in service and 
construction industries, while scientists and engineers in 
the United States were more evenly divided between man- 
ufacturing/mining industries and service industries. In 
France, a very high percentage of scientists and engineers 
worked in the government sector. (See figures 3-25 and 
3-26.) 

In absolute terms, the United States has the largest num- 
ber of scientists and engineers working in R&D of any 
country. (See figure 3-27.) As a proportion of the labor 
force, however, other countries now have concentrations 
of R&D scientists and engineers approximating that of the 
United States. In 1986, Japan's ratio per 1,000— 6.74~was 
nearly identical to that of the United States — 6.62. 

The Unif-cd States led the United Kingdom in the num- 
ber ot scientists per 1,000 total labor force (12 versus 8 per 
1,000) and was second to Japan in the number of engineers 
per 1,000 labor force (18 versus 19 per 1,000) in the early 
1980s. However, the U.S. ranked first among the countries 
compared in the ratio both of scientists and of engineers 
with university degrees.^^ In West Germany, most en- 
gineers have qualifications from technical coUeges.^^ Of 
the reported scientists and engineers in the United 



^Way and Jamison (1986), p. 2. 

'^For comparability, only engineers with university degrees are used 
for comparisons. West German engineers trained in professional colleges 
generally have received more specialized and technically intensive train- 
ing; university degree recipients have received broader and more ac"' 
demic engineering training. 
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Kingdom, less than half have a univcrsit) degree. None- 
theless, some of these countries may have stronger train- 
ing in science and mathematics at the precoUege level. 

The United Kingdom, France, and West Germany all 
had a greater concentration of first university degrees in 
the natural sciences in 1986 than did the United States. (See 
figure 0-7 in Overview,) In absolute numbers, however, 
the U.S. degree recipients were more numerous. In 1982, 
Japan gr-\duated more engineers at the bachelor's level 
than did the U.S., but by 1983, the number of U.S. engineer- 
ing graduates was 5 percent greater due to an 8-percent 
increase in the number of U.S. graduates and a 5-percent 
drop in Japanese engineering degrees. The U.S. awards 
more than twice the number of engineering doctoral de- 
grees and more than 10 times the number of natural sci- 
ence doctorates than does Japan. 

The age of a country's S/E labor force can be an indicator 
of the recency of training and its future capabilities. Japan 
had the youngest scientists and engineers of the five coun- 
tries, including the United States: in 1985, almost half of 
the Japanese nonacademif dentists and engineers were 
under 35 years old, and only 7 percent were 55 or older. 
This supports recent observations about the high output 
of the Japanese educational system. About half the scien- 
tists and engineers in France, West Germany, and the 
United States were between 35 and 54 years old. (See figure 
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3-28.) On average, women scientists and engineers were 
younger than their male counterparts in all countries. 

When all five countries were compared, the vast 
majority of engineers were men, with the small proportion 
of females slowly increasing. Science occupations also 
were predominantly male, but with a larger percentage of 
women represented. The United States, France, and the 



United Kingdom had the best records of using female 
scientists and engineers (10 percent). Only 6 percent of 
scientists and engineers in West Germany were women; 
nearly half of these were social scientists. In Japan, women 
comprised only 5 percent of the scientists and engineers. 
Nearly half of these women were computer scientists. 
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The Nation's investments in reseazcH and develop-^ 
ment (R&D) have continued to groy . : 

• Total R&D investments are estimated to have incmsedby 44 
jtercent since 19B0 (in constant dollars), compared with an 
increase of 17 percent in the previous decade. The estimated 
1989 national investment reached $132 billion, or 2.6 
percent of the gross national product (GNP). (See p. 87.) 

• In recent years, the rate of increase in tlwse R&D invesintents 
has slowed. From 1981 to 1985, total national expendi- 
tures for R&D averaged 6-percent growth per year, in 
constant 1982 dollars, in contrast to an estimated 2-pei^ 
cent annual growth between 1985 and 1989. Only R&D 
performed at academic institutions shows a high 
growth rate since 1985. (See p. 87.) 

Except in the academic sector, patterns in R&D 
funoing and perf oimance have changed littte in tiiie . 

19808a 

• During the 1960s and 1970s, Federal R&D funding decreased 
relative to industry funding. But ^ince 1980, Federal and 

: : i^^ Kave remained steady and about equal, 

-at about 47 percent for the Federal share compared with 
: ::m indust^^^ 

• Jrom l9B0 t6 (estimated) 1989, Fm vl nondefense obliga- 

tions declined 3 percent. While Federal obligations for 
nondefense basic research increased 51 percent over the 
decade, cutbacks in development (-34 percent) and ap 
plied work (-10 percent), largely related to energy tech- 
nologies, account for the net decline in nondefense Fed- 
eral R&D obligations. (See p. 94.) : 

• In the performance of R&D activities, relative sectoral shares 
have rentaifted steWe. Private firms perfoim about 72 per- 
cent of total national R&D, universities about 1 1 percent, 
and the Federal Government about 11 percent. (See p. 
88.) 

• In constant dollars, academic institutions liave doubled in- 
vestments of their own funds in R&D since 1980. Aca.demic 
institutions received FeKlerai support f^^^ 59 percent of 
their R&D activitiw in 1989> ddwh from 68 percent in 
1980. As a perccntagepf the total R&D performed by this 
sector, the institutions' own funds grew from 22 percent 
to 27 percent over the same perioii, and industrial fiinds 
from 4 percent to 7 percent. (See pp. 88-89.) 

• In constant dollars, performance of R&D by industrial firms 
reflects aggregate national R&D patterns. From 1980 to 



1985, firms' R&D performance grew at about 5 percent 
:: rannuaUy; since 1985, this growth has slowed to less than 
'r'^'-:2 percent annually. (See p. 87.) '^^'•'v:"''^ 

R&D investment priorities differ considerably 
among the industrialized countriesr V 

• The U.S. spends more on R&D than the United Kingdom, 
Japan, France,and West Germany combined. (See pp. 3, 96.) 

• fapan and West Germany both invested a larger percentage of 
their 1987 GNPs in R&D (2.9 percent and 2.8 percent, 
respectively) than did the U.S. (2.6 percent). Japan has new 
exceeded the U.S. on this indicator for 3 years (1985-87). 
(See p. 96.) 

• Japan, West Germany, France, and the United Kingdom 
: combined invested $11 billion more than the U.S. in non- 
defense R&D. Relative to GNP, Japan invested a percent- 

; age point more in nondefense R&D than the U.S. in 1987, 
: and Japan's growth on this indicator has been rapid. 

Between 1979 and 1987, the U.S. increased its non- 
; defense R&D/GNP ratio from 1.6 to 1.8, compared to 

increases for Japan of 2.0 to 2.6, for West Germany of 2.1 
A ;*^o2,6, and Fi-anceof 1.4 to 1,8. (See pp. 96^97.) > .Vv 

^ West Germany invested 15 percent of its total governmental 
: - R&D in industrial development, compared to less than 1 
percent in the United States. Japan invests heavUy in ener- 

- gy-related R&D compared to the U S.— 23 percent ver* 
■ sus4 percent. (See p. 97.) ■'" v"'^' '-;;^"~v ; 

• Among broad fields of academic R&D, the U.S. invests by far 
thelargest proportion in thelifescmu:es(49percent),foliowed 
by 16 percent in the physical sciences and 13 percent in 
mgimering. ]n these same fields, Japan invests i4 per- ■- 
cent, 15 percent, and 22 pjercenl, respectively, of its total 
academic R&Dy (See pPr 98-9?,) '■■V'.:;:!/^ 

in response to shifting economic conditions and 
other factors, states have increased their support of : 
science and,tech|wlo^ ...-['^fii 

• Funding of Rk^ ffym the^aies' ownfiitids has more Wn^ 
doubledsirice 1977, feachingabout $769 million in 1958. The 
states are involved in a variety of activities in support of 
S&T, from research gra'>t programs to provisionof veh-; 
tiu% capital for coiripiany start-ups. However, total ^tSte 
funding of R&D from the states' own sources accounted 
for less than 1 piercent of national R&D expenditures. 
(See pp. 101-102.) 



This chapter discusses financial indicators of the Na- 
tioti's research and development (R&D), The first section 
describes broad patterns in the funding and performance 
of R&D both in the current period and over the longer 
term. The patterns of interest are flows of financial resour- 
ces among science and engineering (S/E) funding and 
performing institutions in the various sectors.' 

The second section narrows the focus from total national 
R&D funding and performance to a consideration of the 
character of these activities— i.e., basic research, applied 
research, and development. Transfers of funds among 
R&D-funding and -performing sectors (government, aca*^ 
demia, industry, and nonprofit Institutions) show differ- 
ing patterns for each sector across the various R&D activ- 
ities and broad fields of science and engineering. Section 
three provides comparisons on similar R&D topics among 
the major industrialized countries. 

A new, final section in this chapter presents indicators 
of support for science and technology (S&T) on the state 
level. A recent survey of state S&T funding agencies gen- 
erated data on state agency expenditures for R&D, and 
these data are compared with those from the )ast such 
survey in 1977, The section also contains indicators uf 
institutional development in the support of state-level S&T 
programs, and a discussion of the different types of pro- 
grams these agencies use to foster S&T-basod economic 
development. 

NATIONAL R&D FUNDING PATTERNS 

In 1989, the United Stales spent approximately 2.6 per- 
cent of its gross national product (GNP) on R&D activities, 
according to current estimates. This investment in the 
discovery of new knowledge — and in the application of 
knowledge to the development of new products, pro- 
cesses, and services---totaled an estimated $132 billion.^ 

This section discusses broad patterns in the Nation's 
R&D investment— specifically, patterns among R&D fun- 
ders and performers, among the standard classifications of 
R&D work (basic, applied, and development), and across 
various governmental socioeconomic objectives, includ- 
ing defense- versus nondefense-oriented R&D. 

Long-Term Trends 

In constant 1982 dollars, the Nation's R&D exp:?nditures 
have more than doubled over the past three decades, rising 



'Most of the data in this chapter arc financial d-^.ui, and changes in 
expendihires aie taken as indicators of real changes in the amounts of S/E 
being funded and performed in the Nation. Since no single unit of new 
knowledge exists, funding and expenditure data mtusurt'monotary trans- 
fers among R&D-funding and -performing institutions, but only indicate 
changes in the "amount" of R&D being supported and performed. By 
necessity, then, this chapter discusses science as a process or activUy; it 
does not discuss the results of this activity. See chapter 5 for other 
indicators of scientific processes and chapters 6 and 7 for S/E output 
indicators. 

^Throughout this chapter, current funding or expenditure data are 
presented in current dollars. Trend data are usually deflated lo 1982 
constant dollars using the GNF implicit price deflator, and are identified 
as such. See appendix table 4-1 . 



from about $44 billion in 1960 to an estimated $105 billion 
in 1989. (See appendix tablo 4-2.) Considerable structural 
changes in the patterns of R&D support and performance 
have accompanied this real expansion of R&D investment. 

The most notable of these changes concerns the relative 
roles of the Federal Government and private industry in 
funding, or supporting, R&D. The Federal share of total 
national R&D expenditures has fallen steadily, dropping 
from 65 percent in 1960 to an estimated 47 percent in 1989. 
(See appendix table 4-2.) Over the same period, U.S. firms 
have increased their relative share of support for total U.S. 
R&D activities from 33 percent to 48 percent. This includes 
both in-house R&D ana funding of R&D in other sectors. 
Also, university and college s'tpport for R&D grew over 
the three decades, rising from 1 percent to 3 percenl of the 
national total. This growth in relative share has been even 
more pronounced in basic research. 

R&D performance patterns have also changed, but in 
different ways. In contrast to their overall increased sup- 
port for R&D, private firms are estimated to have per- 
formed a smaller share of R&D in 1989 than in 1960: 72 
percent versus 78 percent, respectively. Research univer- 
sities and colleges increased their share of R&D perfor- 
mance from 5 percent to 11 percent of the national total 
over the same period. This growth in R&D performed on 
the Nation's campuses has resulted from steadily rising 
sponsorship of R&D work by both the Federal Cwern- 
ment and private industry, and from increased mvest- 
ments by the institutions themselves.^ 

Recent Trends 

National investment in R&D generally rose in the 
1980s — 4 percent annually on the average. This growth has 
slowed during recent years, however. (See figure 0-19 in 
Overview.) Compared to an average annual constant-dol- 
lar increase of over 6 percent in total national expenditures 
for R&D between 1981 and 1985, expenditures between 
1985 and 1989 are estimated to grow only 2 percent per 
year. Industry's funding of its own R&D has slowed con- 
siderably, from average annual growth rates of 5 percent 
in the first half of the decade to an estimated less than 2 
percent in the second half. (See appendix table 4-2.) 
Growth in Federal in-house R&D virtually halted over the 
past 4 years, down from increases of almost 7 percent per 
year between 1981 and 1985. 

Only R&D performed by academic institutions con- 
tinued to grow strongly throughout the decade, actually 
increasing its growth rates since 1985 to a 6-percent annual 
average. 

1989 Patterns 

Funds for R&D in the United States came mainly from 
two sources in 1989 — private firms and the Federal Gov- 
ernment. (See figure 4-1.) U.S. businesses used their own 
funds to finance 48 percent of the Nation's total investment 
in R&D; the Fe'-'eral Government provided 47 percent. (See 



^e chapter 5 for other indicators of these trends. 
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Figure 4-1. 

National R&D expenaitures: 1989 
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Science A Engineering lndlcetors-^1989 



text table 4-1.) The remainder of 1989 R&D funding came 
from universities and colleges and nonprofit institutions. 

The role of private industry is larger in performing R&D 
activities than in funding them. In 1989, the estimated $95 
billion in R&D performed by firms accounted for 72 per- 
cent of total national R&D performance. One-third of this 
was financed by the Federal Government. (See appendix 
table 4-2.) During the 1980s, Federal financing of R&D 
performed by industry increased at an average annual rate 
of 5 percent; however, this growth rate has slowed to less 
than 2 percent per year since 1985 (in constant 1982 dol- 
lars). Most of the strong growth in Federal Government 
support for R&D in industry during the past decade was 
accounted for by the Federal defense budget (discussed 
further below), 

Total Federal expenditures for R&D reached an esti- 
mated $63 billion in 1989. (See text table 4-1 .) Of this. 



• 52 percent was transferred to industry, 

• 25 percent was disbursed to various Federal agencies, 

• 14 percent to universities and colleges, 

• 8 percent to federally funded research and develop- 
ment centers (FFRDC), and 

5* 1 percent to nonprofit institutions. (See appendix 
table 4-2.) 

The third largest R&D-performing sector consists of the 
Nation's universities and colleges-* These institutions de 
pended on Federal funds for an estimated 59 percent of 
their R&D activities in 1989; this is down from 67 percent 



*One hundred universities account for about 85 percent of the R&D 
performed by this sector. The research activities of tnese institutions are 
discussed more fully in chapter 5. 



Text table 4-1 , U.8. R&D funders and performers: 1889 
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Notes: Data are estimates. See footnotes appendix table 4-2. 
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Definitions 



The National Science Foundation (NSF) uses the fol- 
lowing definitions in its resource surveys. 

Basic research: Basic research has as its objective a 
fuller knowledge or understanding of the subject under 
study, rather than a practical application thereof. As 
applied to the industrial sector, basic research is defined 
as rei»earch that advances scientific knowledge but does 
not have specific commercial objectives, although such 
investigations may be in fields of present or potential 
interest to the reporting company. 

Applied research: Applied research is directed to- 
ward gaining knowledge or understanding necessary 
for determining the means by which a recognized and 
specific need may be met In ii .dustry, applied research 



in 1980, (See appendix table 4-2,) Academic institutions 
themselves finance a larger proportion of their R&D — 
from 22 percent in 1980 to an estimated 27 percent in 1989. 
Similarly, transfers trom industry to universities and col- 
leges have increased over the same period — from 4 percent 
to 7 percent of the total R&D performed in these institu- 
tions.^ 



BASIC RESEARCH, APPLIED RESEARCH, 
AND DEVELOPMENT 

Each of the sectors fund and perform basic research, 
applied rei^earch, and development to varying degrees. 
(See "Definitions/' this page.) Different sectors dominate 
in these R&D work categories: 

• Industry in both funding and performing development 
and applied research, 

• The Federal Government, in funding basic research, 
and 

• Research universities in performing basic research. 

The following sections discuss patterns and emphases 
by character of work among these sectors and other fun- 
ders and performers of R&D. 

Broad National Patterns 

While the Nation's total investment in R&D has grown 
significantly, the relative emphasis of this investment 
among basic and applied research and development has 
changed hardly at all. Since 1960, the proportions of total 
R&D devoted to these types of activities have shifted only 
marginally; 

• Development has fluctuated between 63 percent and 
69 percent; 

^The growing transfer of funds for R&D from industrial firms to 
universities and colleges is discussed more fully in chapter 3. 



includes investigations directed to the discovery of new 
scientific knowledge having specific commercial objec- 
tives with respect ^o products or processes, 

Development: Development is the systematic use of 
the knowledge or understanding gained from research 
directed toward the production of useful materials, de- 
vices, systems, or methods, including design and de- 
velopment of prototypes and processes. 

Obligations: Obligations represent the amounts for 
orders placed, contracts awarded, services received, 
and similar transactions during a given period, regard- 
less of when the funds were appropriated or when 
payr^ent is required. 



• Applied research, between 21 percent and 24 percent; 
and 

• Basic research, between 9 percent and 14 percent. (See 
appendix tables 4-2, 4-3, 4-4, and 4-5.) 

In 1989, private finns performed 85 percent of develop- 
ment, followed by Federal in-house laboratories, which 
performed 11 percent. (See figure 4-2.) Firms also per- 
formed most of the applied work (72 percent); the academic 
sector and Federal in-house laboratories were each respon- 
sible for 12 percent of the total. Half of the basic research 
was performed by universities and colleges; of the re- 
mainder, 18 percent was conducted by firms, and 12 per- 
cent each by in-house Federal Government laboratories 
and FFRDCs. 



Federal Obligcktions for R&D 

Federal R&D funding patterns since 1980 clearly reflect 
government investment priorities. Development grew by 
52 percent (in constant dollars), mainly due to defense- 
related work. (See text table 4-2.) Basic research obligations 
(see "Definitions," this page) increased 44 percent, ex- 
emplifying continued commitment to a strong Federal role 
in tins area. Federally funded applied research has de- 
^ linrcd 7 percent during the decade. This Tidheres to stated 
policy that private industry can — except in national de- 
fer -^-e and space-related programs — respond to market for- 
ces better than the Federal Government in making R&D 
investment decisions,^ 

Patterns of Federal Agency Support. Federal obliga- 
tions data collected from agency budgets reveal (1) the 
relative emphases of the character of work supported by 
the different agencies, and (2) the specialized relationships 
that have developed over the years between the agencies 
and the actual performers of the R&D. The data also show 



"See also Office of Science and Technology Policy (1989)* 
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3.3 Industry 



Basic 
research 

1,4 
2,3 
9.5 
2,3 
3.2 



Applied 
research 

(Billions 01 dollars) 
1.1 

1.0 
3.5 
3.5 
18.2 



Development 

1.. 
1.4 

0.9 
8.9 
74.0 



Notes: See footnotes to appendix table 4-3. All data are estimates. 
See appendix tables 4-2, 4-3, 4-4, and 4-5. 
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I^xt table 4-2. Federal obtlgatioiis for defense and 
nondefenee R&D, by character of work: 1980-89 

Percent 

1980 1989 change 

Billions of constant 1 982 dollars 

Total Rao 35.2 47.7 36 

TT.BasIc research , 6.5 8.1 47 

.Applied research 8.2 7.4 -10 

: Development 21.5 32.1 49 

: Defense R&D ^6.5 29.7 80 

Basic research ........ 0.6 0.7 17 

. Applied research 2.0 1.9 -5 

Development 13.8 27.0 96 

Nondefense R&D 18.7 18.1 -3 

Basic research 4.9 7.4 51 

Applied research 6.1 5.5 -10 

Development 7.7 5.1 -34 

Note: Data for 1989 are estimates. 
See appendix table 4-1 3. 
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that, over time, Federal support for R&D activities is be- 
coming increasingly concentrated in fewer agencies. 

The Department of Defense (DOD) dominated Federal 
support of developmental work, accounting in 1989 for 84 
percent of these Federal obligations. (See figure 4-3.) Ob- 
ligations of the National Aeronautics and Space Admin- 
istration (NASA) and the Department of Energy (DOE) 
provided most of the remainder of this category of Federal 
support (6 percent and 7 percent, respectively). Develop- 
ment supported by all other agencies (3 percent) has de- 
clined absolutelyover the decade. (See appendix table 4-6.) 

Federal support of applied research is less concentrated 
across the agencies than is development. (See figure 4-4.) 
DOD obligated $2.4 billion for applied research in 1989, or 
26 percent of the total; the National Institutes of Health 
(NIH) accounted for 19 percent; DOE, 10 percent; and 
NASA, 18 percent. Together, these four agencies obligated 
67 percent of total Federal obligations for applied research 
in 1980 and 73 percent in 1989. (See appendix table 4-6.) 

NIH accounted for the bulk— 38 percent— of total 
Federal support of basic research in 1989, followed by NSF, 
17 percent; NASA, 13 percent; DOE, 12 percent; DOD, 9 
percent; and the Department of Agriculture (USDA), 
5 percent. (See figure 44.) The six agencies accounted for 
93 percent of Federal obligations for basic research in 1980 
and 95 percent in 1989. (See appendix table 4-6.) 

Federal Intramural Laboratories* Overall, Federal 
agencies perform 24 percent of the R&D indicated by their 
budgetary obligations.^ In 1989, these in-house R&D ac- 
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tivities were estimated to cost nearly $15 billion.^ (See 
appendix table 4-7.) Obligations to federally run labor- 
atories have increased annually, on the average, by 2.8 
percent for basic research a nd 4.7 percent for development 
since 1980, though since 1985 this growth has slowed 
considerably. Between 1988 and 1989, only NASA ex- 
perienced a positive growth (in constant dollars) in in- 
tramural basic research funding. (See appendix table 4-8.)^ 



^AU intramural obligations data include administrative costs of the 
R&D programs, 



^Transfers among Federal agencies arc included in these data, but are 
not identified separately here. 

''Appendix table 4-8 shows an increase for intramural research by the 
National Science Foundation. However, NSF may not, by law, operate 
laboratories. NSF intramural funding includes transfers tootheragencios, 
especially to the Department of the Navy for support of NSF Antarctic 
programs. 
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Figure 4-4. 
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FedoT,il agency expcndituros on basic reseorch per- 
formed in-house'wero cstlmatod nt $2 billi(«i. NIH sup- 
ports most of its in-house basic u'soarch at its laboratories 
in Bethesda, Maryland. In 1989, this activity cost about 
$630 million; this was 16 percent of NIH's basic research 
budget and 28 percent of the Federal total for intramural 
basic research. (See appendix table 4-9.) The other two 
significant funders and performers of intramural basic 
research are NASA (22 percent of the total in 19S9) and 
USDA (15 percent). The Department of Defense financed 
12 percent— or $278 million— of the Federal Government's 
in-house basic research in 1989, but this was a decrease 
both in deflated dollars since 1984 ($303 million) and rela- 
tive to other agency shares. (See appendix table 4-8.) 

Federal intramural laboratories in 1989 performed over 
five times more applied research and development than 
basic research— $12.5 billion versus $2.3 billion. (See ap- 
pendix table 4-9.) DOD and NASA, for example, together 
accounted for 75 percent of total Federal obligations for 
in-house R&D; and most (69 percent) of this was for ap- 
plied research and development'. Laboratories operated by 
Federal agencies are overwhelmingly devoted to knowl- 
edge discovery or application focusing on the Nation's 
defense and space policies. 

A significant portion (40 percent) of the Federal in- 
tramural applied research total is provided by a group of 
smaller, specialized agencies with important R&D mis- 
sions. (See appendix table 4-9.) The contributions of these 
agencies' in-house R&D «;ends to be obscured by the rela- 
tively large R&D intramural obligations of DOD, NIH, and 
NASA. These smaller agencies and programs include: 

• The Agricultural Research Service and Cooperative 
State Research Service of USDA, 

• Thp. Geological Survey of the Department of the Inte- 
rior, 

• The National Oceanographic and Atmospheric Ad- 
ministration of the Department of Commerce, and 

• Medical sciences researcii in the Veterans Administra- 
tion. 

Distinctive R&D Agency-Performer Patterns. Distinc- 
tive patterns of support among Federal funding agencies 
and different ypes of R&D performers have developed 
over the years. For example, total Federal R&D obligations 
to FFRDCs is dominated by funding from DOE and DOD. 
(See text table 4-3.) Likewise, DOD, NASA, and DOE 
maintain ongoing specialized relationships for applied 
research with industrial firms and FFRDCs administered 
by either universities, industry, or nonprofit institutions. 
NIH, in contrast, expends the bulk of its applied research 
and development funds at nonprofit institutes and the 
research hospitals of the academic sector. 

As for basic research, different agencies and different 
performing sectors play relatively larger roles than in ap- 
plied research and developtr.ent. The largest performer of 
basic research (in terms of total agency basic research 
obligations) is universities and colleges (52 percent); this 
sector is primarily funded by NIH (50 percent), NSF (24 
percent), and DOD (10 percent). DOE, as in its support of 
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Text table 4*3; Federal R&O obligations, by agency and performing sector: 

1989 



Performer 



Performer total 

Federal Primary funding Secondary 
obligations source funding source 



Millions of 



Total R&D 

Intramurallaboratoiies 

Industrial firms 

FFRDCs admin, by industry . . 

Universities & colleges 

FFRDCs admin. byU&C 

Other nonprofit Institutions . . . 
FFRDCs admin, by nonprofits . 

Basic research 

Intramural laboratories 

Industrial firms 

FFRDCs admin, by industry . . 

Universities & colleges 

FFRDCs admin. byU&C 

Other nonprofit institutions , . . 
FFRDCs admin, by nonprofits . 

Applied research 

Intramural laboratories 

Industrial firms 

FFRDCs admin, by Industry . . 

Universities & colleges 

FFRDCs admin, by U&C 

Other nonprofit institutions . . . 
FFRDCs admin, by nonprofits . 

Development 

Intramuial laboratories 

Industrial firms 

FFRDCs admin, by industry . . 

Universities & alleges 

FFRDCs admin, by U&C 

Other nonprofit institutions . . . 
FFRDCs admin, by nonprofits . 

Note: Data are estimates. 
See appenc:!x table 4-9. 
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applied research and development, obligates most — 84 
percent, or $774 million — of its basic research funds to 
FFRDCs under contract loith universities. Federal obligations 
for basic research in private firms are concentrated in the 
budgets of NASA and DOD. NASA is especially atypical 
in its reliance on private firms for basic research, account- 
ing for 59 percent of ti\at sector's total Federal basic re- 
search obligations. 

Federal funding of basic research in industry has been 
cyclical over the long ^-erm. (See appendix table 4-10.) 
During the past two decades, lotal Federal funding of basic 
research in private firms declined to constant-dollar lows 
of $206 million in 1975 and $271 million in 1982. The 
overall trend in the 1980s has been positive, with Federal 



financing of industrial basic research increasing about 3.5 
percent per year in real terms. 

These recent increases have not been related to growth 
in DOD expenditures, however: DOD transfers to industry 
for basic research have actuaUy decreased annually 3 per- 
cent during the 1980-89 decade. Rather, the increases are 
due to growing support for industrial basic research from 
NASA (3 percent per year since 1980), NIH (10 percent), 
DOE (15 percent), NSF (15 percent), and all other agencies 
(12 percent). 

Field of Science and Engineering. Federal obligations 
for research, distributed across the broad fields of science 
and engineering, have generally increased in basic re- 
search and decreased in applied research ovei the past 10 
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years. (See appendix tables 4-11 and 4-12.) In basic re- 
search, only obligations for the social sciences have de- 
creased, down about 38 percent since 1980. The environ- 
mental sciences have increased at the slowest rates: about 
2 percent per year, on the average, since 1980. As a result 
of these finnual incremental changes, the relative shares of 
Federal obligations to basic research in certain fields have 
shifted. For example, obligations in the life sciences in- 
creased ft'om 44 percent to 47 percent of the total, those in 
environmental sciences dropped from 11 percent co 9 per- 
cent, and the social sciences declined from 3 percent to 1 
percent 

Applied research obligated in Federal agency budgets 
has lost favor during the 1980s; the exceptions to this trend 
have been mathematics and computer science, which have 
grown by nearly 9 penent per year, (See appendix table 
4-12,) 

Federal Defense and Nondef ense Obligations 

Most R&D obligations of the Federal Government are 
for defense. In fact, in 1989, an estimated 65 percent of total 
Federal obligations for R&D were earmarked for this pur- 
pose. (See appendix table 4-13.) Between 1980 and 1989, 
Federal R&D obligations for defense increased by 80 per- 
cent. (See text table 4-2 and figure 0-5 in Overview.) 

Defense-related increases in federally funded R&D have 
been led by investments in developmental work — mainly 
for new weapons systems— throughout the 1980s. These 
investments have nearly doubled in constant dollars. De- 
fense basic research has also experienced real growth — 17 
percent over the decade— but is less than 1 percent of total 
defense R&D. 

In contrast, nondefense R&D obligations of the Federal 
Government display a declining pattern over the decade. 
A 34-percent decrease in development funding (mainly in 
energy-related technologies), combined with a parallel 
7-percent decrease in applied work, resulted in decreased 
total Federal obligations for nondefense R&D of 3 percent. 
This decline was not offset by increases in basic research 
investments of 51 percent. 

Inr'^^pendent Research and Development 

A unique program of the Federal Government for the 
support of R&D is independent research and development 
(IR&Dh IR&D consists of in-house and extramural R&D 
carried out by private < jntractors on projects they them- 
selves choose in anticipation of the Government's defense 
and space needs. The Federal Government allows contrac- 
tors to reco\ a certain level of their IR&D costs as over- 
head charges allocated to Federal contracts (both R&D and 
procurement) on the same basis as general and administra- 
tive costs.^^ Only NASA and DOD are significant par- 
ticipants in the program. 



''^Following a DOD technical evaluation of company R&D plans, each 
major contractor negotiates an advance agreement on the size of its IR&D 
program. DOD negotiates for all agencies, and the negotiations result in 
both a ceiling for the contractor's IR&D allowable expenditures and a 
percentage of these costs tha t theGovernment will reimburse. Compa nies 
regularly exceed their ceilings, but may not charge these costs to govern- 
ment contracts. 



In 1 987, industrial firms were estimated to ha ve incurred 
$4.7 billion in IR&D costs, of which the Government reim- 
bursed $2.2 billion, or 46 percent (See figure 4-5.) Ne- 
gotiators for industry huve successfully increased this per- 
centage, which was about 39 percent in 1978.^^ 

As a proportion of R&D support by DOD and NASA^ 
IR&D has recently decreased, (See appendix table 4-15.) 
After an increasing trend earlier in this decade, reaching 
1 1 ,4 percent in 1984, IR&D as a percentage of total support 
(or industrial R&D by the two agencies had fallen to an 
estimated 8.5 percent in 1987. Moreover, both the absolute 
IR&D costs incurred by industry and the absolute amounts 
reimbursed by the Government turned down in 1987 over 
1986. NASA's reim.bursements decreased sharply in 1986 
following the Challenger accident, when many NASA 
R&D programs were delayed, 



^^The Federal Government has encouraged industry-university co- 
operation by allowing higher ceilings for IR&D in firms that were able to 
demonstrateincreased interaction withuniversitiesusinglR&D.SeeNSB 
(1985), pp. 4344. 



Figure 4-5. 
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5|Federal R&D Support by National Objective 

% the Office of Management and Budget identifies 16 
"S^^budgetaiy categories, or "functions/' that contain Federal 
p'R&D programs.'^ These are the functions in which the 
^^^Federal Government has established national policy objec- 
- rtives es reflected in Federal spending documents, 
p:' Five functions are estimated to dominate Federal R&D 
'tvbbligations in 1990, accounting for 93 perceat of Federal 
R&D obligations: 

f • National defense — 65 percent (see ''Federal Defense 
and Nondefense Obligations " discussion, above), 

• Health— 12 percent, 

• Space research— 9 percent, 

• General science— 4 percent, and 

• Energy— 3 percent. (See figure 4-6.) 

Three other functional areas of Federal concern each 
account for between 1 percent and 2 percent of R&D 
obligations: transportation, natural resources, and agricul- 
ture. 

The nondefense portion of Federal R&D obligations is 
dedicated to the funclions of health (35 percent), space (26 
' percent), general science (11 percent), and energy (10 per- 
cent). In Federal funds for basic research only, health (41 
percent) and general science (23 percent) predominate.^^ 
(See figure 4-6.) 

The relative shares of Federal R&D funds devoted to 
these various functional areas have changed over the dec- 



^^For definitional details, see NSF (1989b). 

^^By deiinition, virtually no applied or development work appears in 
the ''general science" budgetary category. In contrast, health and space 
research each account for about 7 percent of applied and development 
work combined. 



Figure 4-6. 
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ade. Federal funding for energy R&D declined from 12 
percent of total obligations in 1980 to 3 percent in 1 990. (See 
appen<iix table 4*16.) Most of this decrease over the decade 
reflected Federal policy to leave applied and development 
work in commercial energy technologies to the private 
sector. 

Industrial R&D'« 

Support for basic research in industry comes largely 
from companies' own funds; in 1986, 81 percent of basic 
research expenditures were estimated to nave come from 
companies' own financial resources. (See appendix table 
4-18.) The remainder came from the Federal Government. 
These relative shares have changed little over the past two 
decades. 

Federal funding of industrial basic research is concen- 
trated in two industries. In 1986, about 54 percent of all 
industrial receipts from the Federal Government for this 
work were located in the electrical equipment (Standard 
Industrial Classification— -SIC — code 36) and transporta- 
tion (SIC 37) industries, the latter of which includes aircraft 
and missiles. (See appendix table 4-18.) Most (52 percent) 
Federal support of basic research within the electrical 
equipment industrial group was in communication equip* 
ment firms (SIC 366), but firms' own funding dominated 
this industrial group. 

In transportation equipment, however, the pattern was 
reversed. Federal funding for basic research dominated in 
both the group overall and in the aircraft and missiles 
subgroup, providing 55 percent and 65 percent, respec- 
tively, of the funding. (Dverall, 85 percent of all basic 
research in transportation was located in aircraft and 



^Mndustrial R&D is discussed in greater detail in chapter 6. 




missiles, underlining the relatively small amount of basic 
research (i.e., some $46 million) performed in the United 
States in nonaviation transportation. 

Available estimates on large industry groups reflect the 
R&D funding patterns and missions of the Federal Gov- 
ernment. Across all industries, the ratio of basic research 
to applied research to development was approximately 
1 :6:24. (See appendix table 4-18.) Ratios among these types 
of R&D work are different, however, when broken out by 
source of funds (Federal versus industry funds) and by 
large industry group. NASA's and DOD's mission fund- 
ing in the aircraft and missiles group (SIC codes 372 and 
376), for example, is reflected in the ratio of Federal Gov- 
ernment funding in this industry of 1:10:66; industry's 
own funding ratio is 1 :13:36. In all three categories of R&D 
work in the aircraft and missiles subgroup. Federal fund- 
ing accounted for more than 50 percent of the industry's 
total pr»rformance in 1986. 



• U.S., from 1.7 percent to 1.8 percent; 

• Japan, from 2,2 percent to 2.8 percent; 

• West Germany, from 2.3 percent to 2.6 percent; and 

• France, from 1.4 to 1.8 percent. (See appendbc table 
4-20.) 

The United States spent approximately $68 billion on 
nondefense R&D in 1987, compared with $39 billion in 
Japan and $18 billion in West Germany.^^ The United 
Kingdom and France invested about $10 billion to $11 
billion each. (See appendix table 4-20.) The growth in these 
investments in Japan has outstripped that in the other 
industrialized countries. Between 1980 and 1987, for ex- 
ample, Japan's nondefense R&D grew by 69 percent (in 
constant dollars) compared to U.S. growth of 21 percent. 
Comparable percentage increases were 43 percent in 
France and 27 percent in West Germany. 



INTERNATIONAL COMPARISONS 
R&D Funding as a Percentage of GNP 

R&D expenditures as a percentage of GNP has become 
one of the most widely used indicators of a countr/s 
commitment to scientific knowledge growth and develop* 
ment. The industrialized nations of France, West Ger- 
many, Japan, the United Kingdom, and the United States 
have maintained an R&D/GNP ratio of between 2 percent 
and 3 percent throughout the decade of the 1980s. Dif- 
ferences in emphases among these countries in the types 
of R&D investments become clear, however, when they 
are disaggregated.^^ 

The funding of R&D as a percentage of GNP has in- 
creased in the major industrialized countries over the past 
10 years. (See appendix table 4-19.) The approximate 2.6- 

gercent R&D/GNP ratio of the United States has increased 
y at least half a percentage poini (although it decreased 
in 1984 and 1985). (See figure 0-2 in Overview.) The 
growth in this indicator, however, has not kept pace with 
the same indicator in Japan and West Germany, both of 
which now invest a larger percentage — ^2.9 percent anc^ 2.8 
percent, respectively. Both of these countries have now 
exceeded the U.S. on this indicator for 3 years (1985-87). 

Defense and Nondefense R&D Expenditures 

Nondefense R&D expenditures as a percentage of GNP 
in both Japan and West Germany exceeds that of the 
United States. The Japanese spend a full percentage point 
more of their GNP on nondefense R&D (see Hgure 0-3 in 
Overview); West Germany spends eight-tenths of a per- 
centage point more. Furthermore, this ratio has been grow- 
ing faster during the eighties in other countries than in the 
United States. Between 1980 and 1987 (the last year for 
which comparable data are available), countries increased 
their nondefense R&D/GNP ratio as follows: 



^%ee appendix table 4-20 for details on conversion of national cunren- 
cies to dollars. 



-figure 4-7. 
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^'Detailed and more extensive data can be found in NSF (1989c). 
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Figure 4-8. 

Govemmont budget appropriatlono for R&D, by socloaconomie objective: 1987 
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In 1987; the U.S. invested approximately $11 billion less 
than Japan; West Germany; the United Kingdom; and 
France combined in nondefense R&D. On the other hand; 
in total R&D inctuding defense, the U.S. invested $15 billion 
more than these four nations combined. 

Basic Research Versus Total R&D 

The United States and Japan devote about the same 
proportion of their R&D investments to basic research: 12 
percent and 13 percent, respectively; in 1986. (See figure 
4-7.) France spends about one-fifth of its total R&D on basic 
research, compared to 18 percent (in 1985) for West Ger- 
many. 

R&D by Socioeconomic Objective 

The relative shares of countries' R&D appropriations 
reflect striking differences in areas of national interest In 
the United States, 69 percent of the total Federal invest- 
ment in R&D is devoted to national defense, compared to 
50 percent in the United Kingdom; 34 percent in France; 13 
percent in West Germany; .-^nd 5 percent in Japan. (See 
rigure 4-8.) The United Stal. Government also stands out 
for its investments in health-related R&D (12 percent); this 
emphasis is especially notable in R&D performed in aca- 
demic and similar institutions. (See "Fields of Academic 
R&D" discussion; next page, and appendix table 4-22.) 
About 4 percent of Government appropriations for R&D 



in the U.S. are connected with national objectives related 
to energy and 11?^: general advancement of knowledge.^^ 
Japanese Government appropriations for R&D are in- 
vested relatively heavily in general university research 
(about 50 percent for "advancement of knowledge" and 
"general university funds" — GUF~combined). The Jap- 
anese also spend about 23 percent of their governmental 
R&D funds on energy-related R&D, reflecting the coun- 
try's concern with its heavy dependence on foreign sour- 
ces of energy. 

The Government of West Germany invests heavily in 
R&D related to industrial development— 15 percent of its 
total 1987 investment versus 11 percent in France; 5 per- 
cent in Japan, and 0.2 percent in the United States. The 
small proportion of U.S. investments in industrial devel- 
opment reflects a long-standing policy of the U.S. Govern- 
ment to rely on private sector investment decisions in this 
area. 



^^In the U.S., "advancement of knowledge" is a catch-all budgetary 
category for basic research unrelated to a specific national objective. 
"General university funds/' which contain son)e basic research funds, 
cannot be separately distinguished in the United States. See, however, the 
"Fieldsof Academic R&D" discussion, next page,and Martin, Irvine, and 
Isard (forthcoming). 
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Fields of Academic R&D 



Differences in R&D-performing institutions, and dif- 
ferent institutional accounting practices, confound ef- 
forts to compare different countries' R&D investments 
and emphases. This is particularly true in the case of 
academic R&D, which comprises hundreds of different 
accounting systems. 

A recent analysis performed at the Science Policy 
Research Unit ftSPRU) in Sussex, England, and jointly 
sponsored by NSF and Britain's Advisory Board for the 
Research Councils permits international com- 
parisons—by field— of academic and academically re- 
lated research (Martin, Irvine, and Isard, forthcoming). 
These research activities are closely tied to the growth 
of disciplinary public knowledge commonly published 
in the scientific literature. Because it plays such an 
important role in social and economic progress, the 
growth of such knowledge is widely viewed as critical 
in national R&D investment strategies. 

In the United States, a particularly thorny problem in 
collecting data on academic R&D concerns general uni- 
versity funds (GUF). U.S. universities have been in- 
creasing their own funding of R&D, but what propor- 
tion of these GUF funds support R&D? The data 
describing university support for R&D elsewhere in this 
chapter do not include GUF that support R&D and are 
not identified by the universities as support for specific 
research projects. (See appendix tables 4-2 and 4-5.) This 
issue arises particularly in the case of public univer- 
sities, which receive general appropriations from state 
governments and then distribute them among different 
activities, including some research activities. 

The SPRU analysts produced an estimate of support 
for academic research otherwise subsumed in GUF as 
follows. Using the percentage of work time that faculty 
spend on research, they calculated a "faculty-salary" 
contribution in GUF. This GUF contribution to aca- 
demic research support involved multiplying the num- 
ber of faculty in public universities by a coefficient 
derived from the percentage of time academic faculty 



spend on research, and multiplying the resulting "re- 
search full-time equivalent personnel" by average 9- 
month salaries, including fringe benefits. To generate 
broad field estimates, the analysts the'' Ustributed their 
total estimate across fields according iv ihe distribution 
of academic staff in the different fields. Thus, in the 
SPRU analysis, academic R&D financed by university 
funds consists of the GUF faculty-salary contribution, 
plus other institutional funds set aside specifically for 
research. 

The U.S. academic and academically related R&D 
support in figure 4-9 and appendix table 4-23 thus 
consists of three parts. (Details of the equivalent num- 
bers for o«;her countries can be found in Martin, Irvii\e, 
and Isard, forthcoming.) 

1 . University support for research: 

• Institutions' own funds set aside specifically for 
research, and 

• The GUF contribution discussed above. 

2. Separately budgeted academic research: 

• Federal, state, and local current and capital R&D 
expenditures on campuses; 

• Federally financed fellowships; and 

• An estimate of project management costs borne by 
the Federal funding agency. 

3. Academically related research: 

• Activities of the 19 FFRDCs administered by uni- 
versities (in 1987) that relate to provision of central 
facilities for academic researchers, and 

• Intramural research of the NIH. For other countries 
in the analysis, this last category includes research 
council establishments of the type common in Eur- 
opean countries, as well as various agricultural and 
medical institutes, especially those with a role in 
postgraduate training. Examples include the Max- 
Planck Institutes in West Germany and 
laboratories of France's Centre National de la Recher- 
che Scientifique (CNRS). 



STATE-LEVEL SUPPORT FOR SCIENCE 
AND technology'" 

Indicators of recc "'t increased state-level support for 
science and technology are of two types: 

• New organizations in state governments established 
specifically for the development of science and tech- 
nology, and 

• Increased state funding for S&T-related activities, in- 
cluding R&D. 



'^''S&T" is usud in this section to cmphnsizo the bioad mngo of state 
nctivitiuK in the support of economic development based on science and 
technology. 



The following sections present data and analysis from a 
recent survey of the state S&T agencies in 13 states, and 
state R&D expenditure data from a special national sur- 
vey. 

History 

In recent years, much publicity has accompanied the 
creation of new state S&T programs designed to enhance 
the states' technological and competitive capacities. The 
history of state programs supporting S&T can be divided 
into three periods characterized by particular underlying 
economic, sociological, and political forces. 

From the Morrill Act to 1980, The first phase in the re- 
lationship between states and S&T began when President 
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The SPRU analysis shows that all of the countries 
emphasize the life sciences in their academic research; 
with the U.S. devoting almost half its acadeniic *:upporl 
in this broad field. (See figure 4-9.) The U*S. al^» * stands 
out in its investment of larger absolute amounts of 
financial resources across all broad S/ll fields. (See 
appendix table 4-23.) 



France emphasizes the physical sciences, investing 30 
percent of its total academic R&D. Other European 
countries also invest more in the physical sciences rela- 
tive to the United States and Japan. The Japanese stand 
out in their relatively strong support of academic R&D 
in engineering; though the U.S. spends absolutely more 
than twice as much as Japan in this category. 



Figure 4-9. 

Academic and academically related research, by field and country: 1987 
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Lincoln signed legislation establishing the U.S. De- 
partment of Agriculture. In 1862, the Morrill Act granted 
the states Federal land for the establishment of what later 
became known as the ''land grant" colleges and univer- 
sities. Since then, virtually all states have been active in the 
support of new knowledge development in agriculture 
and the dissemination of this knowledge to agricultural 
users. The Federal Government contributed to this in- 
stitutionalization through: 

• USDA's Agricultural Research Service, with its net- 
work of research facilities throughout the Nation; 

• The Cooperative State Research Service; and 

• The Agricultural Extension Services. 



With the expansion of the land grant universities, a 
model evolved for cooperation of the Federal, state, uni- 
versity, and industry sectors in the support of S&T-based 
economic development. 

A second phase for state S&T interests was initiated short- 
ly after World War II, when existing programs were eclipsed 
by the rapid growth of Federal S&T programs and agen- 
cies. Federal support of science and technology — especial- 
ly for defense, space, and health-related objectives — had 
considerable impact on states and regions. Federal funds 
for research and the education of veterans contributed to 
the very rapid growth of institutions of higher education, 
and some schools began to emerge as significant national 
research institutions. Regional institutions, including tech- 
nical institutes and most land grant schools, expanded 
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their engineering programs. They also frequently devel- 
oped special relationships with local industries. Or- 
ganized research units proliferated on campuses, sep- 
arated from traditional disciplinary departments.^^ These 
new research units usually had more applied orientation 
than the academic departments. 

Industries— particularly those performing defense and 
space work— were attracted to the supply of talent at 
universities or at specialized government installations 
(e.g., California, Texas, and Florida for space programs; 
California, Massachusetts, and Washington for defense 
programs). By locating businesses in these areas, con- 
centrations of regional development emerged. At least one 
state. North Carolina (which established its Board of Sci- 
ence and Technology in 1963), explicitly intended to re- 
create the conditions underlying other regional develop- 
ment patterns by capitalizing on a network of public and 
private universities around Chapel Hill in what has be- 
come known as the "Research Triangle." Thus, a state's 
strong tradition of public support for education was chan- 
neled into an outright effort to bring together in one region 
the academic expertise of several universities for the pur- 
pose of high-tech development. 

Concurrently, a brief flurry of state activities in support 
of S&T occurred in the 1960s. Under the State Technical 
Services Program of the U.S. Department of Commerce, 
some states created S&T commissions and foundations, 
and some appointed science advisors to the governor. In 
the 1970s, NSF, through its Intergovernmental Science and 
Technology Program, supported the formation of organ- 
izations to provide S&T information to state governments. 
It also helped to establish state S&T advisors and boards, 
which were of ten located in legislative branches. Although 
a few of these offices survive, they are separate from the 
new, action-oriented institutions disciu sea below, most of 
which are executive branch agencies and some of which 
are in the governor's office itself. 

The 1980s. A third phase in state support for S&T 
started in the early 1980s.^^ States began establishing agen- 
cies to promote S&T development, and by 1988 at least 38 
states had such offices.^^ 

Several factors underlie this growth of state-level in- 
stitutions for S&T. First, economic dislocations in some 
states forced them to search for models for economic 
growth based on S&T. For example, some states in the 
Midwest and Northeast faced declines in their traditional 
"smokestack" industries and turned their attention to an 
existing resource— research universities— as the center- 
piece of new economic development policies. This practice 
was aimed at: 

• Creating and attracting knowledge-intensive indus- 
tries to replace those declining because of new tech- 
nologies, reduced markets, or foreign competition; 
and 



• Encouraging modernization by existing but troubled 
manufacturing industries. 

Similarly, oil-producing states like Texas, Oklahoma, 
and Alaska — which experienced severe economic declines 
when oil prices dropped— also enacted S&T-promoting 
agencies and programs. These initiatives were usually 
undertaken in the executive branch, and often figured 
prominently in gubernatorial contests . In fact, the National 
Governors' Association itself has played a significant role 
in promoting the awareness of the S&T role in economic 
development.^ 

Second, the new state initiatives reflected changes in the 
Federal approach to science investments. Some new Fed- 
eral programs began to require state and/or industrial 
matching funds. States were also keenly aware of the size 
of some large new scientific and technological enter- 
prises — e.g., DOD's Sematech (a consortium to develop 
manufacturing technologies) and the Microelectronics 
and Computer Technology Corporation (MCC), both now 
located in Texas— and the need for coordinated efforts 
involving state, industrial, and university resources in 
competing for such initiatives. Announcement by the Fed- 
eral Government of the Superconducting Super Collider 
(SSC) project also galvanized the interest of many states. 

Third, changes in the nature of S/E research required 
not only the construction of very large scientific instru- 
ments but also new institutional forms for cross-disciplin- 
ary work. And these changes inevitably brought greater 
political attention to hovr these awards were made. In 
efforts to build capabilities for S&T in specific institu- 
tions—and as a result of intense lobbying by universities 
themselves— the U.S. Congress began inserting specific 
line items for research facilities in appropriations bills.^^ 

New Institutional Developments 

State agencies for S&T-based economic development, 
although they vary greatly in scope, budget, and influence, 
share one common characteristic: their objective is the 
support of S&T for economic development, and not the 
support of research for its own sake. 

Among the 13 state S&T agencies studied,^^ agency 
funding varied from a low of $78,000 in Texas (FY 1988) to 
a high of $36 million in Pennsylvania (FY 1987). (See 
appendix table 4-24.) In addition to state budgetary obliga- 
tions, most state agencies operate programs that require 
matching funds from the participating institution or busi- 
ness. 

Level of funding, however, depends upon whether the 
agencies operate programs or are only advisory. State 
agencies with programmatic responsibilities tend to have 
larger budgets. Of the 13 studied, 2 state agencies have 



^'NSB(1985),pp. 109 and 282. 

^^his and the following sections rely heavily on Lambright, Price, and 
Teich (forthcoming). The study focused on "showcase" state agencies in 
13 states responsible for promotion of S&T, and not on all agencies within 
a state with S&T-related missions. 

^'National Governors' Association (1988), 



^%ee National Governors' Association and the Conference Board 
(1987). For a discussion of the poUtical reasons for establishing these 
programs, see Feller (1984). 

^ee Savage (1989X 

^^Lambright, Price, and Teich (forthcoming). 
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only advisory roles (Texas's Office of Advanced Technol- 
ogy and North Caro. ina's Board of S&T), and their budgets 
are relatively low.^** 

Four of the ^hirteen states use the agency director as the 
science advisor to the governor, though this function can 
be unofficial (as in Arkansas) or can change from one 
governor to the next (as in Florida). All agencies receive 
advice and direct!* t from boards of directors; in this u'ay, 
board members from the business and academic com- 
munities are expected to bring their particular interests to 
bear on agency programs. 

Some states have targeted their agency programs to 
have regional effects. Massachusetts, for e nple, has 
sponsored centers for R&D at regional univt lies and 
institutes of technology away from Boston; Pennsylvania 
established four regional offices to operate its Ben Franklin 
Partnership; and Nev^ York has distributed its Centers for 
Advanced Technology around the state. 

State S&T agencies are in different stages of develop- 
ment, For example, although both Alaska and California 
established their state offices for S&T development in 1988, 
Alaska has embarked on a program of "capacity building" 
for its state S&T; California, on the other hand, is a highly 
developed state in terms of science and technology.^^ 

While most of these agencies are relatively new, roles in 
the older ones have evolved. The New York S&T Founda- 
tion, for example, founded in 1963, has evolved into an 
important agency with a staff of 26 and sponsoring $14 
million in R&D support out of a budget total of $24 million 
in 1987. (See appendix tables 4-24 and 4-25.) North Caro- 
lina's Boaid originally sponsored research centers and 
then spun th' off to other agencies, but recently has 
ended its grants program. 

The agencies also support S&T activities other than 
R&D. Six of the thirteen provided funds for purchase of 
scientific equipment or construction of facilities, and nine 
sponsored technology transfer programs. (See appendix 
table 4-25.) One of the more novel forms these non-R&D 
programs may take is the provision of venture or "seed" 
capital for company start-ups, sometimes using state pen- 
sion funds: 7 of the 13 states provided some kind of busi- 
ness start-up support. Other more strictly business- 
oriented programs include support for incubators, 
assistance in qualifying for Small Business Innovation Re- 
search programs of the Federal Government, managerial 
and technical assistance, and establishment of research 
parks. Some states also have special tax incentives for 
S&T-related business development. 



^*Both Texas and North Carolina also have other agencies with operat- 
ing funds. Texas only recently established a separate grants program after 
long years of opposition to such a centralized bureau. See Texas Higher 
Education Coordinating Board (1988). 

^*See Alaska Science and Technology Foundation (1989). Lambright, 
Price, and Teich (forthcoming) report that the California office was estab- 
lished at least partly in response to the state's having lo.st out on several 
national awards and competitions, including the NSF-sponsored Earth- 
quake Research Center, DOD'd Sematech, and DOE's Superconducting 
Supercollider. 



Funds for R&D by State 

Two sources of data on state support of R&D (as op- 
posed to broader S&T activities) are available for the 50 
states, i.e.: 

• An aimual survey of expenditures for R&D by aca- 
demic institutions, and 

• A survey of state agency R&D expenditures. 

Although they overlap to an unknown extent and use 
different methodologies, both of these indicators show 
growth in state support of R&D. Data on support for 
academic R&D also show increasing support by industry 
for R&D performed on the Nation's campuses, one of the 
goals of states' S&T policies.*^ 

Academic R&D. In the annual survey of expenditures 
for R&D by academic institutions, university offices of 
research administration report the source and amount of 
support for separately budgeted R&D performed on their 



"See also chapter 5, pp. 110-111. 



Text table 4-4. Change in aeademle R&D funded by 
Industry, by state: 1978^87 
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campuses. Doctorate-grarting institutions reported about 
$1 billion of support for R&D from state and local sources 
in 1987. (See appendix table 4-27.) 

These same data broken out by state reflect d...*fering 
state resource patterns and show the effects of different 
institutional mixes in individual states. Eleven states ac- 
count for over 50 percent of tot?l national 'academic R&D 
expenditures from state and local sources.-^ (See appendix 
table 4-27.) These sources in Texas, with a strong tradition 
of direct funding of institutional activities, account for 11 
percent of the state's total academic R&D and 9 percent of 
the national total of these funds. In contrast, in Califor- 
nia—whose total academic R&D expenditure is nearly 
twice that of Texas— state and local sources accounted for 
only 2.4 percent of the state's academic R&D performed in 
1987, reflecting the large Federal funding and the presence 
of large private research universities in that state which 
were less likely to receive state funding for R&D. Pennsyl- 
vania also ranks relatively low on this measure. 

Insofar as state S&T policy objectives include encour- 
agement of university-industry interactions, industry sup- 
port of university R&D may serve as one indicator of the 
success of those policies.^' For all states combined, in- 
dustrial sources of support for academic R&D have grown 
faster than all other sources of support, increasing 179 



^"These data show only state and local government sources of funds 
that are separately budgeted for specific projects. General university 
funds (C JF) used for academic R&D purposes are not included here. 

''See "Industrial Support of R&D at Specific Academic Institutions" 
discussion in chapter 5. 



percent in constant dollars frinn 1978 to 1987. (See appen- 
dix table 4-27.) As a percentage of total R&D support on 
all of the Nation's doctorate-granting campuses, industry 
sources of support inci-eased from 4 percent to over 6 
percent. (See text table 4-4.) Some states experienced nota- 
bly larger increases in the proportion of their academic 
R&D from industrial sources. Many of these are states that 
rank low on total academic R&D expenditures, though 
greater than average increases have also occurred in sev- 
eral of the largest academic R&D-performing states, in- 
cluding Pennsylvania, Massachusetts, and Washington.-^ 

State Agency R&D Expenditures. NSF recently resur- 
veyed state agency R&D expenditures. (See appendix table 
4-27.) To ensure comparability with a similar survey con- 
ducted in 1977, the survey of 1987 and 1988 expenditures 
excluded academic R&D expenditures. (However, some 
portion of the reported state agency expenditures may be 
assumpd to have gone to academic institutions.) 

Like the data reported above, total state agency expen- 
ditures for R&D from state sources of funds have increased 
overall, doubling between 1977 and 1988 to about $600 
million (in constant dollars). States varied widely on this 
indicator, with some states reporting declines in real dol- 
lars. As noted earlier in this section, a state's political 
culture and history influence its reliance on state agencies 
to disburse R&D funds: some states appropriate most 
funds directly to institutions themselves, and this source 
of support for R&D is not reflected in these data. 



^''Within states, however, individual institutions often account for 
much of the movement of these indicators. 
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Academic Research and Development: Support, 

Personnel, Outputs 



HIGHLIGHTS 



Funding for Academic R&D 

• The 1 980s have been a decade of rapid growth in U.S. academic 
research and development (R&D). From 1980 to 1989, real 
growth (in constant 1982 dollars) in academic R&D 
expenditures averaged 4.9 percent annually; the esti- 
mated 1988-89 growth rate is 3.0 percent. Funding in- 
creased in current dollars from $6 billion in 1980 to an 
estimated $14 billion in 1989, reaching 10.5 percent of 
estimated total U.S. R&D expenditures in 1989. (See pp. 
107-108.) 

• The Federal share of academic R&D support has decreased, 
while the non-Federal share of academic R&D funding 
reached an estimated 41 percent in 1989. (See p. 108.) 

• Industry's share of academic R&D funding grew from 3.9 
percent in 1980 to an estimated 6.6 percent in 1989. While 
most of these funds go to the better known research 
universities, a number of smaller, more specialized, in- 
stitutions received over 20 percent of their total R&D 
funding from industry in 1987. (See p. 110.) 

Facilities and Instruments 

• U.S. research universities saw large increases in capital in- 
vestments in science and engineering (S/E) facilities during 
the 1980s, with expenditures reaching $1.8 billion in 1987. 
Capital expenditures for S/ E plant and equipment grew 
7 percent annually in constant dollars between 1980 and 
1987, compared with an average annual decrease of 9 
percent between 1970 and 1980. Growth was largely due 
to increased support from non-Federal sources. Num- 
bers of instruments available for academic R&D also 
increased during the 1980s. (See pp. 111-113.) 

Characteristics of Doctoral Researchers in 
Academic R&D 

• The number of doctoral scientists and engineers whose pri- 
mary or secondary work activity was academic R&D reached 
155,000 in 1987— a 65-percent increase over the number in 
1977. Twelve percent of the total were engineers, the 
same proportion as in 1977. The greatest growth rate 
was seen for compuf-er/information specialists, whose 
numbers tripled to b,500. Approximately one-third of 
the doctoral scientists and engineers are life scientists; 
this is the largest single group. (See p. 115.) 

• Women and minorities increased their percentages in the 
academic doctoral R&D workforce between 1977 and 1987, 
but whites still made up almost 90 percent of that workforce 
and white males 75 percent in 1987. Asians were 9 percent 
of the S/E doctoral workforce, and other minorities less 



than 2 percent. The proportion of women doctorates in 
academic R&D increased from 10 percent to 16 percent 
during the decade. (See pp. 115-116.) 

• Researchers in academic institutions or industry tend to con- 
tinue working in the same employment sector lo a greater 
extent than researchers in the Federal Government or non- 
profit organizations, over periods of 2 to U years. Related 
data indicate that the largest turnover of S/E doctoral 
researchers into other work activities occurs during 
their first few years in research. (See pp. 118-119.) 

S/E Publication Da » 

• In 1986, U.S. autnon- vro.luced 36 percent of the world 
scientific literature, :i jiov -riion that has remained relatively 
stable since 1973 in the data base used for these analyses. The 
USSR, United Kingdom, and Japan were next in overall 
proportions of world scientific publications with 8 per- 
cent each. U.S. academic institutions produced 70 per- 
cent of the U.S. S/E literature in 1986, and about 25 
percent of the world S/E literature. (See p. 120.) 

• Multi-authored paperr, are on the rise, suggesting that in- 
dividual researchers are increasing their interactions. More 
than 30 percen?: of papers in 1986 had four or more 
authors, up from 15 percent in 1973. (See p. 120.) 

• U.S. researchers are increasing their publication of S/E ar- 
ticles with foreign authors. In 1986, 10.2 percent of publi- 
cations with at least one U.S. author were internationally 
coauthored, up from 5.6 percent in 1981. (See pp. 120- 
121.) 

• S/E researchers from industry are increasingly coauthoring 
papers with U.S. universitj tesearchers, suggesting a rise in 
cooperation between these two sectors. Of articles with at 
least one industry author, 28 percent were coauthored 
with a university author in 1986; this was almost double 
the 1976 figure. (See p. 121.) 

• Citation patterns indicate that U.S. papers on average exert 
more influence on foreign researchers than foreign papers 
exert on U.S. researchers. (See pp. 122-123.) 

Patents and Products 

• Academic institutions are patenting more frequently. The 
number of university patents increased from an annual 
average of 492 in the early 1980s to 801 in 1988. Univer- 
sities received 2.0 percent of patents awarded to U.S. 
inventors in 1988, more than double the 0.9-percent 
university share in 1978. Four biomedical patent classes 
accounted for one-third of all patents awarded to uni- 
versities in 1988. (See pp. 123-124.) 
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^ I^nufacturin^ i?\du$tries depend substantially on academic 
Mesmch for development of new processes wd products. The 
' '^^^ altempt to estimate the economic return 



to society from academic research found an annual so- 
cial rate of return of 28 percent for the seven industries 
studied, (See p. 124.) 



Academic research and development (R&D) is a major 
part of the U.S. science and engineering (S/E) structure. It 
accounts for an estimated 10.5 percent of total R&D expen- 
ditures in the Nation and about half of U.S. basic research 
expenditures. There were 155,000 doctoral scientists and 
engineers in academic R&D in 1987, comprising 37 percent 
of the doctoral S/E v^orkforce. Researchers in U.S. aca- 
demic settings publish 70 perceia >f the S/E articles that 
U.S. researchers publish and 25 p^r^ent of the world S/E 
literature. 

A major theme in this chapter is that academic R&D is 
becoming increasingly interactive. Of particular interest — 
given the current concern with accelerating the commer- 
cialization of university research findings — are the grow- 
ing numbers and types of interactions with industry. 
Growth in industrial funding of academic R&D and in 
numbers of industry-university coauthored publications 
provides evidence of increased contacts. 

This chapter addresses three major aspects of academic 
R&D: 

• Support: sources of funding and its allocation among 
recipients and disciplines, 

• Personnel: characteristics of academic doctoral re- 
searchers, and 

• Outputs: publications, patents, and commercial use of 
academic research findings. 

In some analyses, for example, those involving S/E 
publication patterns, the discussion extends beyond the 
U.S. academic sector to encompass other sectors and other 
countries. 

The chapter opens with a discussion of trends in funding 
and support for academic R&D, particularly changes in the 
sources of support. The Federal Government is th ? major 
supporter of academic R&D, but a large amount of funding 
comes from other sources, Recent increases in funding for 
both facilities and instrumentation have improved these 
aspects of the academic R&D infrastructure, although 
large backlogs remain. New this year is a discussion of 
some of the problems faced by research libraries as already 
expensive S/E periodicals continue to increase in price. 

Discussion about the academic R&D workforce is lim- 
ited to scientists and engineers with doctoral degrees, since 
they are the major actors in academic science and engineer- 
ing research.^ Trends in the growth of various disciplines 
and in the numbers of women ?nd minorities in academic 
R&D fields are addressed. Tiie chapter includes some 



'Chapter 3 discusses the overall S/E workforce. 



comparative data about di)ctoral scientists and engineers 
in nonacademic basic research. Also, for the first time in 
the Science & Engineering Indicators series, data are 
presented about retention rates for doctoral researchers in 
specific employment sectors and in research activities over 
time periods as long as 14 years. 

As the major research output of academic R&D, publi- 
cations receive detailed attention. Coauthorship data 
show increasing cooperation in research activities among 
individuals, employment sectors, and countries. Citation 
patterns provide information about the amount of atten- 
tion that researchers from particular sectors and countries 
give to other researchers. As part of a new analysis of 
citations, the chapter includes citation data for some in- 
dividual countries. 

Data on another output of academic R&D — patents — 
show that university patenting is increasing, a finding 
consistent with the increasing cooperation between uni- 
versities and industry. On a related topic, a recent study 
shows that academic R&D has contributed substantially to 
new commercial products and processes in some indus- 
tries. 



ACADEMIC RESEARCH AND 
DEVELOPMENT: SUPPORT^ 

In 1989, the U.S. spent an estimated $13.9 billion for R&D 
at academic institutions.^ (See figure 5-1 and appendix 
table 5-1.) This expenditure continues a gradual 20-year 
trend, as rising proportions of tctal national R&D expen- 
ditures are allocated to academic R&D: in 1969, 8.7 percent 
of such expenditures went to academic R&D, compared 
with an estimated 10.5 percent in 1989/ Of 1989 academic 



^Data in this chapter come from several different National Science 
Foundation (NSF) surveys that do not always use comparable definitions 
or survey methodologies. For example, the survey on which the publica- 
tion Federal Support to Universities and Colleges and Selected Nonprofit 
Institutions (NSF, 1988c) is based obtains information on Federal "ob- 
ligations" to universities and colleges directly from Federal funding 
agencies. By contrast, the survey on which Academic Science/Engineering: 
R&D Funds is based (NSF, 1989c) obtains data directly from the univer- 
sities and colleges on their R&D "expenditures." The results do not 
exactly match with Federal obligations. 

For descriptions of the methodologies of these and selected other Na- 
tional Science Foundation surveys, see NSF (1987b). 

^In this section, academic institutions generally comprise institutions 
of higher education that grant doctorates in science or engineering 
and /or spend at least 550,000 for separately budgeted R&D (NSF, 1989c). 
Federally funded research and development centers associated with 
universities are tallied separately; these are discussed in chapter 4. 

^Chapter 4 discusses patterns of national R&D expenditures. 
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R&D expenditures; an estimated 68 percent went for basic 
research, 25 percent for applied research; and 63 percent 
for development. 

In constant 1982 dollars, academic R&D increased an 
estimated 54 percent between 1980 and 1989. R&D growth 
during the 1985-89 period is expected to be stronger for the 
academic sector than for any other economic sector. How- 
ever, the annual rate of growth for academic R&D in 
1988-89 is estimated at 3.0 percent, down from an es- 
timated 4.9 percent during 1980-89.^ 



Support by Sector 

The Federal Government provides the majority of funds 
for academic R&D, but other sources have been contribut- 
ing increasing proportions in recent years.^ (See figure 
O-20 in Overview and appendix table 5-2.) hi 1989, the 
Federal Government provided an estimated 59 peicent of 
the funding for R&D performed in academic institutions; 
this was down considerably from 72 percent in 1969. Aca- 
demic institutions that perform the R&D provide the 



^NSF (1989b). 

^Academic R&D is essentially funded via grants, contracts, and co* 
operative agreements. Funding usually includes expenditures for non- 
fixed equipment. 



second largest share. Over the 1969-89 period; the institu- 
tional share has grou^n from 10 percent to an estimated 18 
percent.^ Industry increased its share to an estimated 6.6 
percent in 1989, while state and local governments sup- 
ported about 8 percent of academic R&D throughout the 
1980s. 

Private and public universities differ in their major sour- 
ces of R&D support. For public academic institutions, 34 
percent of R&D funding in 1987 came from state and local 
funds and institutional funds; private academic institu- 
tions received only 11 percent of their funding from these 
sources. (See appendix table 5-3.) Between 1980 and 1987, 
the Federal share of support decreased for both public and 
private institutions, dropping from 61 percent to 53 per- 
cent (public institutions) and from 79 percent to 74 percent 
(private institutions). 



^Institutional funds are those an institution spends on R&D, including 
unreimbursed indirect costs associated with R&D projects financed by 
outside organizations and mandatory cost sharing on Federal and other 
grants. Sources of these funds are (1) general-purpose state or local 
government appropriations; (2) general-purpose grants from Industry^ 
foundations, or other outside sources; (3) tuition and fees; and (4) endow- 
ment income. See NSF (1989c). 



Figure 5-1. 

Academic and national R&D expenditures by character of work and performer: 1989 




Note: Data ere estimates. 

See appendix tat)le 5*1 and chapter 4. Sci0n(» 4 Englrmring IncHcator^^ 1989 
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r. Federal Support for Academic R&D 

Federal Support for Academic S/E Activities. Before 
discussing Federal patterns of academic R&D funding, it 
is useful to understand where academic K&D fits in the 
• overall scheme of Federal support for academic S/E ac- 
tivities.^ Federal funds provide support for the following 
academic S/E programs; 

• R&D plant (facilities and equipment);^ 

^ Facilities and equipment for instruction; 

• Graduate student fellowships, traineeships, and 
training grants; 

• General support for S/E research and education, 
without precise specification; and 

• Other S/E activities, such as technical conferences, 
undergraduate activities, and teacher institutes. 

Approximately 15 Federal agencies provided over 95 
percent of S/E funds obligated to academic institutions for 
these various purposes in 1987. 

In 1987, about 85 percent of Federal obligations for 
academic S/E were for R&D, in contrast to 66 percent in 
1971. (See appendix table 5-4.) Fellowships, R&D plant, 
and general S/E activities each accounted for about 3 
percent of total Federal academic S/E obligations in 1987; 
'^other'' activities accounted for abou' 6 percent. (See fig- 
ure 5-2.) 

Changes over time in the amounts of Federal support 
for various types of S/E programs may reflect shifts in 
policy and priorities. R&D was the only area of academic 
S/E where Federal funding increased (in constant 1982 
dollars) during the 1970s.^° However, support programs 
for women and minorities continued during the 1970s, and 
various types of support were devoted to such rapidly 
developing disciplines as computer science, materials re- 
search, and biotechnology. In contrast, a period of strong 
Federal support for graduate training ended around 1970. 
Between 1971 and 1980, Federal support for graduate re- 
search fellowships and traineeships declined by 75 per- 
cent, and, unlike support for other Federal S/E programs, 
did not recover during the 1980s.^^ 

The Reagan Administration formulated a positive pol* 
icy towards academic S/E support in 1983, as reflected in 
the subsequent S/E funding pattern. Large recent in- 
creases in Federal funding for facilities (over 100-percent 
increase in 1987 compared with 1986) partially reflect 



•Data on types of Federal funding for S/E activities come from a survey 
of the 15 Federal agencies most heavily involved in S/E support to 
academic institutions. See NSF (1988c) for the methodology used in the 
survey. Findings regarding Federal funding for other R&D-performing 
institutions, such as private foundations, exhibitors, and trade associa- 
tions, al.<io can be found in NSF (1988c). 

'Federal support of S/E facilities and equipment for R&D and instruc- 
tion are discussed under ''Academic R&D Facilities and Instrumen- 
tation"; see pp. 11 M3. 

^%r a detailed history of R&D during the Reagan Administration, see 
Telch and Gramp (1988). 

'*A concomitant rise in graduate researcl\ assistantships, included in 
these data under "R&D," has partly filled this gap. See chapter 2. 



special line-item budgetary appropriations inserted by 
Congress for speciflc academic institutions.^^ 

Support of Academic R&D by Federal Agencies. Fed- 
eral obligations for academic R&D are increasingly con- 
centrated in three agencies: the National Institutes of 
Health (NIH), NSF, and the Department of Defense 
(DOD). Together, these agencies provided an estimated 80 
percent of total Federal financing of academic R&D in 
1989, up from 66 percent in 1969. (See appendix table 5-5.) 
NIH, NSF, and DHDD, as well as the National Aeronautics 
and Space Administration (NASA), are each estimated to 
have experienced between 3-percent and 5-percent aver- 
age annual growth (constant 1982 dollars) in their funding 
of academic R&D during the 1980s. NIH was estimated to 
have provided almost 50 percent of all Federal support for 
academic R&D in 1989; the NSF share was estimated at 17 
percent. DOD, after increasing its share of Federal support 
from 9 percent in 1977 to 16 percent in 1986, declined to an 
estimated 14-percent share in 1989. 

University-Administered Federally Funded Research 
and Development Centers. During World War II and in 
the postwar period, several Federal agencies with 



'^Cordes(1989). 



Changts in Federal eupport for ecademic eclence 
-^ndengliiee 

^ "tAwage annual percentage change in constant.l982.clollar6) 

• >3g >aO ;>25 '*20 >15 'lO; -6 O S 10 16 20 25 




Federal aeedemie d/E^Mtgatlbhs: 1^7 ^^^^^^ 



Rao plant '. ■ ■;:* V^''i;830:;'/^^' - i 

S/E «n3trucaonal facilities ...... . , . 

Fellow^tp?, 6te/ . ■ ''':29iJ '[^^ 
General S/Eeupport ................ /.^v237'^V" ■ ■ ' 

OtherS/E .... . .V...*. . 'A--:y6i^\l- y. l^- 



See appendix table 5*4. ScImg^S £ngln$0ring ln0iitpr$r^f9B9 ^ 
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specialized missions established R&D organizations 
called federally funded R&D centers (FFRDC), which they 
continue to support today.'^ In 1989, universities ad- 
ministered 18 of the 36 FFRDCs; these 18 FFRDCs received 
ail estimated $3.6 billion in 1989 Federal obligations for 
R&D. This transfer of $3.6 billion from Federal agencies to 
university-affiliated FFRIXs for R&D represents a uni- 
que—if indirect—form of Federal support to science and 
engineering at U.S. universities. Researchers at university- 
affiliated FFRDCs often include faculty, academic non- 
faculty, and graduate students, thereby providing oppor- 
tunities for extensive interactions between researchers at 
FFRDCs and at universities. 

Distribution of R&D Funds Among Specific 
Academic Institutions 

Most academic R&D is concentrated in relatively few 
institutions. Of 3,400 higher education institutions in the 
U.S.,'* the top 20 of them spent 35 percent of total academic 
R&D funds in 1987, and the top 100 institutions spent 83 
percent of the total funds. (See text table 5-1 and appendix 
table 5-6.) 



Industrial Support of R&D at Specific 
Academic Institutions'^ 

Industry now supports over 6 percent of total academic 
R&D. While most of the industrial funds go to large, 
recognized research institutions, about a dozen academic 
institutions with relatively small R&D expenditures get 
more than 20 percent of their R&D timding from industry. 



These funding patterns partly reflect relationships that 
have developed between individual firms and schools. 

In 1987, ir-dustry provided almost $800 million for aca- 
demic R&D. Of the top 200 institutions ranked by their 
total academic R&D expenditures in 1987, the top 25 
schools together received $260 million from industry, or 
30 percent of the total support contributed by industry. 
The bottom 25 schools received $19 million, or 2.4 percent 
of total industry funds. The top 25 schools averaged $10.4 
million each in industrial support; the lowest 25 schools 
averaged $0.8 million each. (See text table 5-2 and appen- 
dix tables 5-6 and 5-7.) 

This distribution of industry funds follows an expected 
pattern. A more surprising finding is that industry was 
responsible for an average of 1 1 .5 percent of the total R&D 
expenditures for the schools in ranks 176-200 in 1987, 
compared with a 5.5-percent share of the total R&D funds 
for the top 25 schools. Among the lower ranked academic 
institutions receiving relatively larger proportions of their 
R&D from industry, specialized smaller institutions tend 
to appear more often. These are often institutions with one 
R&D specialty that is closely linked with local industry. 

Between 1980 and 1987, the number of schools receiving 
over 10 percent of their academic R&D support from in- 
dustry increased from 24 to 49.'^ This increase may in part 
result from more institutions having separately reported 
industrial support data in 1987 than in 1980. (See text table 
5-2.) 

The increasing industry support for academic R&D may 
reflect increasing amounts of cooperative research activity 
between the two sectors. This conclusion is consistent with 
findings of increased industry-university coauthorship of 
research papers, discussed later in this chapter. 



'■'See chapter 4. 

'^The Carnegie Corporation classified 3 400 degree-granting institu- 
tions as higher education institutions in 1987. They include 4-year col- 
leges and universities, specialized schools such as medical and law 
schools, 2-year community and junior colleges, and a few specialized 
institutions. Not included are more than 7,000 other postsecondary in- 
stitutions (secretarial schools, auto repair schools, etc.). 

''Thecorporatecontributions to R&D maybe understated in these data, 
since schools do not uniformly record and report corporate contributions. 



Text table 5-1 . Distribution of R&D funds among 
academic Institutions: 1987 
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See appendix table 5-6. 



Science & Engineering Indicators— 1989 



Academic R&D Expenditures by Field and 
Funding Source 

The distribution of Federal and non-Fede/al funding of 
academic R&D in 1987 varied by field and subfield. (See 
appendix table 5-8.) For example, the Federal Government 
supported 66 percent of academic R&D expenditures in 
the medical sciences, but only 26 percent of academic R&D 
in the agricultural sciences; this latter figure reflects the 
traditionally strong role of states in supporting the agricul- 
tural sector.''' 

The majority of academic R&D expenditures in 1987 
went to the life sciences, which accounted for 54 percent 
of total academic R&D expenditures, 52 percent of Federal 
academic R&D expenditures, and 56 percent of non- 
Federal academic R&D expenditures. (See appendix table 
5-9.) The next largest block of academic R&D expenditures 
was for engineering, which had a 16-percent share in 1987. 

Between 1977 and 1987, academic R&D expenditures for 
all fields combined grew at an average annual rate of 



"See NSB(1982), pp. 8-9. 

"Of the S4.8 billion in non-Federal support for academic R&D in 1987, 
18 percent went for agricultural sciences. The only subfield receiving a 
larger share of the non-Federal support for academic R&D was the 
medical sciences, with 21 percent. Only 4 percent of total Federal 
academic R&D funding was for agricultural sciences. (See discussion of 
state support for R&D in chapter 4.) 
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T«xt tabit 5*2. Industrial funding of aeadamlc R&D, by leval of R&D 
•xpandHurta: 1980 and 1987 ^ 
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5.4 percent in constant 1982 dollars. From 1986 to 1987; the 
rate increased to 7.1 percent. (See figure 0-21 in Overview 
and appendix table 5-9.) Funding for computer science 
grew fastest during the decade, increasing at an average 
annual rate of 14 percent in constant dollars. R&D expen- 
ditures for computer science in 1987 were about 3 percent 
of total academic R&D. Engineering grew second fastest 
during the decade, at an average annual rate of 8 percent; 
for 1986 to 1987, the rate increased to 11 percent. Mathe- 
matical sciences, with 1.5 percent of 1987 academic R&D 
expenditures, grew third fastest, at an average annual rate 
of 7 percent between 1977 and 1987. 

At the other end of the growth scale, the social sciences 
have barely increased in academic R&D expenditures 
since 1977, averaging annual increases of 0.5 percent in 
constant 1982 dollars and accounting for 4 percent of 1987 
academic R&D funding. 



Academic R&D Facilities and Instrumentation^^ 

The country's research universities have experienced 
large increases in investment in academic R&D facilities 



'^Data on facilities and instrumentation are taken primarily from the 
following three sources: 

• Academic SciencelEngineering: R&D Funds, Fiscal Year 1987. The term 
facilities as used in this survey stands for capital investment expen- 
ditures for S/E research or instruction at ihose universities and 
colleges spending $50,000 or more annually on separately budgeted 
R&D. See NSF (1989c). 



and instrumentation during the 1980s.^^ Recent surveys 
indicate that; after an extended period of decreased sup* 
port steps are now being taken to meet needs in these 
areas. 

While the terms "facilities" and "equipment" are de- 
fined specifically for each survey, in general /^a7/h'es come 
out of capital funds, re fixed items such as buildings, often 
cost millions of dollars, and are not included within R&D 
expenditures. Equipment and instruments, on the other 
hand; usually are movable, purchased with current fundS; 
and included within R&D expenditures. Because the cate- 
gories are not mutually exclusive, some large instrumen- 
tation systems could be classified as either facilities or 
equipment. 

Facilities. In addition to the$12.1 billion that academic 
institutions spent for separately budgeted R&D activities 
in 1987; $1.8 billion was disbursed for capital investment 
in S/E facilities and fixed equipment to be used for R&D 
and instruction. In constant doUarS; this represented an 



• Scientific and Engineering Research Facilifics at Universities and Colleges: 
1988. Facilities are physical plant, including infrastructure (power), 
fixed equipment (benches, fume hoods), and uonfixed equipment 
costing more than $1 million. The survey aLo includes information 
on R&D space. See NSF (1988a), p. D-4 for definitions. 

• Academic Research Equipment m Selected Science/Engineering Fields: 
1982-83 to 1985-86. Equipment with an original purchase price of 
$10,0()0 to $1 million was included in this survey of academic depart- 
ments covering the major S/E disciplines. See NSF ( 1988b), p. A-1 1 
for definitions. 

^T'he tenns "instrumentation" aud "equipment" are used inter- 
changeably. 
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increase of 1 4 percent over 1986; the 1986 figure had in turn 
been an increase of 18 percent over 1985. 

Total capital expenditures for academic S/E facilities 
(plant and fixed equipment) increased during the 1980s at 
an average annual rate of 7 percent in constant 1982 dol- 
lars. As noted above, recent increases have been even 
greater. (See figure 5-3 and appendix table 5-10.) Among 
the S/E fields, engineering has enjoyed the highest rate of 
growth— an average of 18 percent per year in constant 
1982 dollars since 1980. Mathematical/computer sciences 
were second with 9-percent average annual growth be- 
tween 1980 and 1987. (See appendix table 5-11.) By con- 
trast, average annual increases between 1980 and 1987 
were 0.3 percent for the environmental sciences and 2 
percent for social sciences. 

Non-Federal sources provide most of the funds for capi- 
tal expenditures. Their proportion has been increasing— 
71 percent in 1970, 81 percent in 1980, 92 percent in 1987. 
Non-Federal sources, which include state and local gov- 
ernments, special bonds, donations, and other sources, 
grew an average of 9 percent per year in constant 1982 
dollars between 1980 and 1987. Between 1985 and 1987, 
Federal spending for academic R&D facilities increased 
more than 50 percent in constant dollars, while non- 
Federal sources increased 33 percent. 

Construction costs of academic S/E research facilities 
are expected to reach $3.4 billion in current dollars in 
19884-1989, up from $2.1 billion in 1986+1987.2° Between 



^^ata are aggregated into 2-year units because the data a re more stable 
and some data were only available aggregated for 1988 and 1989. See NSF 
(1988b). See also a parallel report on biomedical research facilities, NIH 
(1989). 



Figure 0-3. 

Federal and non^Federal capital fund expanditurea 
for academic S/E: 1964-87 

(Constant 1982 dotiars in biiiions )' 
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^GNP Implicit price deflators were used to convert dollars to constant 
1082 dollars. 

See appendix table 5-10. Science A Engineering tndicators^l989 
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1986 and 1989, these construction projects were expected 
to increase existing research space by 22 million square 
feet, an increase of 19 percent over space available in 1985. 

New construction projects are increasingly expensive; 
in 1986+1987, for example, the cost of new academic R&D 
space in current dollars was $206 per square foot, com- 
pared to $287 per square foot in 1988+1989, (See apr \dix 
table 5-12.) Factors contributing to the markedly increased 
costs of facilities construction include the need for better 
data-handling capabilities as well as more stringent stan- 
dards for animal facilities^ toxic waste disposal and bio- 
hazard control. 

Despite the increased funding, there is a large estimated 
construction backlog as well as a backlog of academic 
research facilities that need renovation and repair.^^ In- 
stitutions are deferring an estimated $2.50 for every $1 .00 { 
of construction that was planned through 1989. They are .% 
also deferring about $3.60 in needed renovation and repair 
for every $1 .00 spent.^ 

Instrumentation. Throughout the 1980s, U.S. aca- 
demic institutions have invested heavily in R&D instru- V 
ments. Results of a survey of academic research equipment " ? 
in selected fields showed that approximately 40 percent of 
all instrument systems in research use in 1 985 / 86 had been 
acquired in the previous 3 years, and about 25 percent of 
instrument systems in use in 1982/83 had been retired t- 
f rom research by 1985/86.^ The median age of the national v 
stock of instruments (both in-use and not in-use) in 
1982/83 and 1985/86 was 5 years. However, the median J; 
age of state-of-the-art instruments was 2 years, indicating 
the rapid pace of technological change in research in- 
strumentation. ^ 

In general, current fund expenditures^* for ac^-^V: ;iiic \ 
research instrumentation have grown in the 1980s, except J| 
during the 1981-83 recession.^^ (See appendix table 5-13.) ' t 
Annual growth during the 1980s averaged 8 percent for ?; 
Federeil support and 10 percent for non-Federal support in > 
constant 1982 dollars. Federal support accounted for about J 
two-thirds of total current fund expenditures for academic X 
research equipment during the 1 980s; this percentage var- 
ied widely among individual fields, however. 

Funds for instruments for computer science and math- 
ematical sciences grew fastest, each increasing in constant 
1982 dollars by a factor of about four since 1980. Equip- 
ment funds for all other S/E fields combined increased by 



2^ Association of Physical Plant AdmiMistrators(1989);NSF(1989d);and 
NSF (1988a). 

^^In response to this long-term problem, Congress passed the Academic 
Research Facilities Modernization Act of 1988 authorizing NSF to set up 
a competitive grant program the repair, renovation, and, in excep- 
tional cases, replacement of academic research facilities, NSF (1989d), 

"Data for the physical sciences, computer science, and engineering 
were collected for 1982 and 1985; data for the agricultural biological, and 
environmental sciences were collected for 1983 and 1986. Therefore, data 
from thissurvey refer to 1^82/83 data and 1985/86 data. See NSF (1988b). 
Unless otherwise noted, data are for instruments costing from $10,000 to 
$1 million 

^^Currcnt funds— as opposed to capital funds— are those in the yearly 
operating budget for ongoing activities. Generally, academic institutions 
keep separate accounts for current and capital funds. 

^ Pata used here arc limited to funds tor research instrumentation and 
do not include funds for instructional equipment. 
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less than a factor of two. Funds from non-Federal sources 
for social sciences instrumentation increased an average of 
3.5 percent annually between 1980 and 1987; but this in- 
crease did not fully offset an average annual 6-percent 
decrease in Federal func^ing. Taking all fields together, 
current fund expenditures for purchasing instruments 
^ grew more slowly between 1986 and 1987 than between 
X. 1983 and 1986. 

A special survey of academic departments to obtain 
information on instmments in , elected fields shows in- 
creases in expenditures and in numbers of instruments. 
Between 1982/83 and 1985/86, the number of m-Mse aca- 
demic R&D instrument systems costing between SIO^OOO 
and $1 million increased almost 50 percent — from 36,300 
to 53,900— in the fields surveyed.^^ (See appendix table 
5-14.) 

The average price (corrected for inflation) of in-use in- 
strument systems remained at about $36,000 between 
1982/83 and 1985/86. The aggregate purchase price for 
these instruments increased from $1.3 billion in 1982/83 to 
$1.9 billion in 1985/86, corrected for inflation.^^ The most 
notable change was a 22*percent decrease in the average 
price of the in-use stock of instruments in computer sci- 
ence, dropping from $58,000 to $45,000. 

Costs of purchasing and repairing instruments, cor- 
rected for inflation, increased between 1982/83 and 



'^The total national stock of instruments includes instalment systems 
purchased but not yet in use, in-use instruments, and inactive or in- 
operable but not discarded systems. Total national stock increased from 
46,500 instruments to 62,200 instrument systems between 1982/83 and 
1985/86. Of the 62,200 instrument systems, 2 percent were purchased but 
not yet in use, and 15 percent were inactive or inoperable. See NSF (1988b) 
for further breakdowns of these data. 

^^The aggregate purchase price for all systems (in-use and not in-use) 
costing between $10,000 and $1 million was $1 .6 biUion in 1982/83 and 
$2.2 billion in 1985/86, corrected for inflation. In addition, there was 
another $0.7 billion in 1982/83 and $1 .1 billion in 1985/86 worth of large 
instrument systems, generally over $1 million each; most of the<ie systems 
were for general-purpose research computer centers and high-energy 
physics systems. These large systems are not discussed here or included 
in totals. 



1985/86. (See appendix table 5-15.) Expenditures for pur- 
chasing new or used equipment increased by 48 percent, 
with such purchases accounting for 75 percent of total 
instrument costs in 1985/86. Maintenance and repair costs 
increased 26 percent, and accounted for 16 percent of 
departmental instrument^-related expenditures in 
1985/86. In contrast, expenditures for research-related 
computer services declined substantially during the 3-year 
interval. 

Supercomputer Installations. Supercomputer installa- 
tions are an indicator of a country's ability to do certain 
types of advanced research. The U.S. leads the world in 
numbers of supercomputer installations with 272 at the 
end of 1988. U.S. universities have about 20 percent of 
these U.S. supercomputers, with the remaining 80 percent 
divided evenly between industry and government. (See 
text table 5-3t) U.S. supercomputing capability has grown 
rapidly, increasing by 69 percent between 1986 and 1987, 
and by 33 percent between 1987 and 1988. 

With 172 installations, Japan is second among world 
countries in number of supercomputer installations. In 
contrast to the distribution in the U.S., the Japanese in- 
dustrial sector accounts for almost three-quarters of the 
country's supercomputer installations. U.S. manufactur- 
ers provided about 40 percent of the supercomputer fa- 
cilities available in Japan in 1988; Japanese manufacturers 
provided the remaining 60 percent.^^ 



Library Costs for Serials^^ 

Like faciUties and instrumentation, libraries are crucial 
to maintaining academic R&D capability. The rapidly in- 



^'*As of 1988, based on cumulative data, U.S.-manufaclured supercom- 
puters were distributed around the world as follows: U.S., 52 percent; 
Japan, 14 percent; other countries, 34 percent. 

^he terms "serials" and "periodicals" are used interchangeably. The 
term chosen is the one used by the source of the information being 
discuv>sed. 



Text table 5*3. Cumulative number of general-purpose supercomputer Installations 

In Japan and the U.S.: 1983-88 



Japan United States^ 



Total Universities Government Industry Total Universities Government Industry 



1983 5 2 0 3 46 3 23 20 

1984 13 3 3 7 S3 5 26 22 

1985 27 6 6 15 89 14 39 36 

1988 58 14 9 35 121 14 57 SO 

1987 121 24 13 84 204 36 79 89 

1988 172 33 15 124 272 57 107 108 



^Data are for U.S. vendors only: they have provided almost all supercomputers used in the U.S. 

Note: These data are somewhat uncertain because definitions of supercomputers change and because some Installations counted here are no longer in use. 
SOURCES; United States: NSP» Division of Advanced Scientific Computing: Japan: Tokyo Office of the U,S. NSF. Report Memorandum #1 84. August 10. 1 989. 
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creasing costs of serials->especially in the areas of science, 
technology, and medicine— have put financial pressure on 
research libraries and generated concern throughout the 
scientific community.^ 

Costs Highest for Science Serials. Periodicals in the 
sciences, technology, and medicine tend to be more expen- 
sive than serials in most other fields. (See appendix table 
5-16.) For example, the average 1989 subscription price 
was $308 for the 10 library categories of science, compared 
with $140 for the 10 categories of social science.-^' These 
prices were based on a data base of approximately 55,000 
domestic and foreign titles. A different data base, consist- 
ing of a fixed set of 3,900 domestic periodicals, shows that 
science-related periodicals have increased in price during 
the 1980s more rapidly than periodicals in other fields.-^^ 

Cos ts of Foreign Periodicals Also Rise. Prices of serials 
published in foreign countries have increased rapidly, 
partly because of the weakening dollar compared to for- 
eign currencies. This increase, however, may have tem- 
porarily slowed. The average 1-year subscription rate for 
foreign titles (all fields) increased 3 percent between 1988 
and 1989, compared with 17 percent and 19 percent for the 
two previous annual intervals." In 1989, average subscrip- 
tion prices (all fields) of U.S. and foreign serials were 
similar: $148 for domestic titles and $143 for foreign titles. 

High Costs Require Hard Choices. As a major source 
of information about university research libraries, the As- 
sociation of Research Libraries (ARL) has issued a report 
that relates the pricing policies of several major scientific 



^ Kingson (1989); Kalfus (1989); and Koshland (1989). 

"Young (19P9). 

"Young and Carpenter (1989). 

'*Young(1989). 



publishers to increases in serials prices.^ Between 1986 
and 1988, expenditures for total serials at the ARL member 
libraries (107 university research libraries and 12 inde- 
pendent research libraries) increased 30 percent, but the 
number of current serials remained constant and numbers 
of monographs (books) purchased were cut by 15 percent. 
ARL does not have data to indicate whether prices of 
science-related serials were a major factor behind these 
findings. 

Current serials have remained about 20 percent of ex- 
penditures at ARL libraries throughout the decade in the 
median university library .'^ However, overall library ex- 
penditures have been increasing faster than inflation dur- 
ing the decade. In *he 1980s, library investment in auto- 
mation and communication equipment has been a factor 
in these increasing costs. 

DOCTORAL SCIENTISTS AND ENGINEERS 
ACTIVE IN RESEARCH 

This section describes characteristics of doctoral scien- 
tists and engineers who work in academic institutions and 
whose primary or secondary work activity is R&D (basic 
research, applied research, or development).-"^ Data about 



^See ARL (1989b). The report also observes that the increased size of 
many journals affects prices. 
"See ARL (1989a). 

^Data in this section come from the Survey of Doctorate Recipients 
conducted biennially by the National Research Council (NRC) for NSF. 
In this section, "academic institutions" refer to 4-year colleges, univer- 
sities, and medical schools, as identified by the respondents. Federally 
funded research and development centers comprise all FFRDCs. 

A recent broad assessment of the National Science Foundation's sur- 
veys of scientists and engineers INRC, 1989) has noted limitations of this 
doctorate survey and has recommended improvements. 



Exampies of ion Slcience Serials 

are of 

major concern to librarians and reisearchers because 
Ithiese serials are a significant portion of the serials atnd 
f ' '>nbgraph acquiisitions budgets of reseeii-^ libraries, 
f. Aow^yer, because Ubraries usuaUy have hot clar^sified 
their serials imd monograph expenditures into science 
and nonscience categories, there are ho national data on 
their relative expenditures forsdence-related and other 

r ^yerai ^tu(^ are under way to address this data 
n^ld r Riesultii sugg^^^^ serials con- 

stitute bwSO^rcen^ bif the current serials budgets of 
typical i^ax^nlibrarii^. 

• A study at the University' of Nebraska at Lincoln 
showed that 67 perceht of stiriSals expehditures for 
1988/89 were in the science, Agriculture, technol- 
ogy, and medicalcategories, while thesie four cate- 
gories Accounted forarhuch lower 4$ 
. number of serials purchased. (Information provid- 
ed by Kent Hendrickson, Dean of Libraries of the 



University of Nebraska, Lincoln; personal com- 
mimications, August 1989.) ^-^^^-^^^V::^^ 

(D^an Hendridkson also reported that expendi- 
tures fdr science-related serials constituted be- 
tween 58 percent and 67percentof serials expendi- 
tures at his libraries between 1980 and 1987. 
CanceUiid subscriptions to ctuiNent serials durihg 
that period totaled $250,000 but of ah aiihual 
rent serials budget bf jdsoUt $2 nUU^ 

• Louisiana Stale Univeftity- alto ; sp^^ 

half (55 percent) of its 1985/86 serials budget for 

science-relate:} Mriall. (Inforihati^ 

Charles Hamaker; LouiSifiha. S^^^ p&tf 

sonalcommiihicail?ion,^,Au 

• In analyzing serials prices; hine Midwestern aca- 
demic reseax«h Ubraries foiindt]^ of 
serials whosie subscription^ cbst 0.00 or mbre were 
in the sdence, agriculture, teclmblbgy^ ahd 
categories. Those four cate§;Ories accounted for 
over 85 percent of the expenditures for the $200- 
plus subscriptions at these libraries. 
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the overall doctoral basic research workforce are included 
to provide a perspective on academic basic researchers. 
The discussion is limited to doctoral researchers because 
they have major roles in academic R&D activities* 

Numbers of Academic Researchers in Various Fields 

In 1987, there were 155,000 doctoral scientists and en- 
gineers whose primary or secondary work activity was 
academic R&D.^^ (See appendix table 5-17.) They repre- 
sented 37 percent of employed S/E doctorates in the Unit- 
ed States in 1987. Scientists made up 88 percent and en- 
gineers 12 percent of the total; these proportions were 
about the same as in 1977. (See figure 5-4.) Life scientists 
were the largest single group of doctoral scientists and 



engineers in academic R&D in 1987, constituting 34 per- 
cent of the total. 

The numbers of doctoral scientists and engineers in 
academic R&D increased by 65 percent during the 1977-87 
decade. Growth appeared to be especially rapid between 
1 985 and 1 987.-^ (See figures 5-5 and 5-6 and appendix table 
5-17.) Over the 1977-87 decade, the highest rate of increase 
occurred among computer scientists, whose numbers 
tripled from 1,200 to 3,500. 

Women in Academic R&D. While women increased 
their percentages in all fijlds of academic R&D in recent 
years, some fields still have relatively few women. (See 
figure 5-7 and appendix table 5-18.) Overall, the percent- 
age of women doctoral scientists and engineers in aca- 
demic R&D increased from 10 percent in 1977 to 16 percent 



■'^he 1987 survey question on primary and secondary work activity 
reads: ''From the activities listed below, select your primary and secon- 
dary work activities ... in terms of time devoted during a typical week." 
Because many faculty members who devote substantial time to R&D 
often consider another activity (for example, teaching) to be their primary 
work activity, those survey respondents who selected academic R&D as 
their primary or secondary work activity are included here. Inclusion of 
both sets of respondents results in approximately twice as many as when 
only primary work activity respondents are counted, and ensures that all 
individuals involved in academic R&D are counted. 

Data in some of the appendix tables differ from the comparable data in 
Science & Engineering /ttrfto^ors— 1987 because the latter used a somewhat 
different set of respondents. 



^The 1987 wording of the survey question about work activity involv- 
ingbasic research and applied research differed slightly from that in 1985. 
The 1 987 survey defined basic research as "study directed toward gaining 
scienHfic knowledge primarily for its own sake." Applied research was 
"study directed toward gaining scientific knowledge in an effort to meef 
a recognized need/' Earlier surveys had no clarifying definitions. Because 
of this difference, data from the 2 years may not be exactly comparable. 
However, a similar sharp increase between 1985 and 1987 was seen in 
numbers of academic R&D researchers when the responses were an- 
alyzed only by primary work activity. In the analysis by primary work 
activity, half of the increase was accounted for by decreases in the ''other" 
and "teaching" categories; the remainder was accounted for by the 
increase in total doctorates employed in academic S/E, all of whom 
apparently went into R&D. A similar analysis was not available for 
primary and secondary work activities combined. 



:bitufbuM of doetbral setenttsts and englnaars in 

^ Physical 
l^y scientists 

: Mathematical 
; scientists 
■ '■■ r' Computer/ 
infomiatlon 
specialists 

• Environmental 
scientists 

Ufa 
scientists 

Psychologists 

Social 
scientists 




Engineers 




See appendix table 5*1 7. 



10 15 20 25 30 35 
(Percent of total) 

Sdence ^ Engineering lndlcators^1989 



> Figure 5-5, 
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in 1987. In the fast-growing computer science field, the 
proportion of women increased from 5.3 percent in 1977 
to 10 percent in 1987. Among the social sciences, which 
also grew rapidly during the decade, the proportion who 
were women increased from 12 percent in 1977 to 20 
percent in 1987. The proportion of women doctorates in 
academic R&D in the various fields approximately reflects 
their representation in the doctoral S/E workforce in those 
fields.39 

Minorities . academic R&D. Whites still make up 
almost 90 percent of the academic R&D workforce, al- 
though racial minorities and Hispanics increased their 
representation during the 1977-87 decade.^ Except for 
Asians, however, overall percentages of minorities in aca- 
demic R&D remained below 2 percent in 1 987. (See appen- 
dix table 5-18.) Blacks increased their overall percentage in 
academic R&D from 0.8 percent to 1.4 percent during the 
decade. In 1987, they were more heavily represented in the 
social sciences and the life sciences than in other fields. 

Black women showed especially interesting gains. In 
1987, 31 percent of black doctoral scientists in academic 



^'See chapter 3 for the distribution of women doctorates by field in the 
total S/E workforce, 
*°Hi9panics include members of various racial group:i. 
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R&D were women.*' This figure is substantially higher 
than the 18-percent figure for Asians and for whites. (See 
figure 5-7.) This higher representation of black women was 
also evident in 1977 The number of black women doctoral 
scientists increased from 131 to 611 over the 10-year 
period, an almost fivefold increase; the number of black 
men scientists doubled, reaching 1,381. 

Hispanics accounted for 1 ,7 percent of S/E doctorates in 
academic R&D in 1987, compared with 1.0 percent in 1977, 
As with blacks, they are most heavily represented in the 
life sciences and social sciences. Hispanics' greatest per- 
centage increase occurred in engineering, where their 
numbers rose from 69 in 1977 to 385 in 1987. 

Asian representation in academic R&D rose i j 9 percent 
in 1987. (See appendix table 5-18.) Among major fields, 
they were most heavily represented in engineering— 18 
percent in 1987. Among Asians, 14 percent were women, 
whose shares by field were generally similar to those for 
white women. (See figure 5-7.) The major exception was 
physical sciences; 13 percent of Asian physical scientists 
were women, in contrast to 7 percent of white physical 
scientists. 



Academic and Nonacademic Doctoral S/E 
Basic Researchers 

Employment by Sector. The total number of doctoral 
S/E basic researchers increased from 88,000 in 1977 to 
133,000 in 1987, a 51-percent increase.*^ Nonacademic 
basic researchers increased 30 percent, from 21,900 to 
28,600. With a 48-percent increase in basic researchers, 
nonprofit organizations showed the largest increase 
among nonacademic sectors. (See appendix table 5-19.) 

Almost 80 percent of doctoral scientists and engineers 
in basic research in 1987 were also in academia. Thus, most 
of the broad demographic characteristics of the two 
groups are similar in terms of gender, race/ethnicity, and 
distribution by field. Moreover, academia employed al- 
most all of the doctoral basic researchers in some fields — 
e.g., mathematics, 97 percent; sociology/antlwopology, 97 
percent; and economics, 93 percent. 

Industry employed the next largest percentage of doc- 
toral basic researcherr— 8.6 percent. (See figure 5-8 and 
appendix table 5-19.) Although it employed less than 10 
percent overall of basic researchers, the industrial sector 
employed 19 percent of all engineers doing basic research 
and 25 percent of the computer scientists in basic research 
in 1987. Industry also more than doubled its number of life 
scientist doctorates in basic research between 1977 and 
1987 (from 1,400 to 3,100). This increase probably reflects 
recent industrial emphasis on development of biotechnol- 
ogy products. 



^^Only doctoral scientists, rather than scientists and engineers, are dis- 
cussed here, sina^ there were fewer than 20 black women doctoral en- 
gineers in 1987. 

^^As with theacademic R&D doctoral personnel data, these 1987 figures 
are not necessarily exactly comparable to data from earlier years because 
of changes in the 1987 survey question on character of work. 
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Figure S-7, ' 

Ptre«nUi09 of women doetoral telantitts and enginMrs in academic R&D, by race/athnlcity and field: 1977 and 1987 
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Minorities and Women in Basic Research. Among 
doctoral basic researchers in 1987, 1,1 percent were black; 
25 percent of these were women. (See appendix table 5-20.) 
However, the absolute numbers of black basic researchers 
remained low (1,277 men and 416 women in 1987). Asians 
made up 6.8 percent of the doctorate S/E basic research 
workforce in 1987; 15 percent of the Asians were women. 



Asians are especially prevalent in engineering, where they 
accounted for 26 percent of basic researchers in 1987; the 
comparable figure in 1977 was 15 percent. 

Employment sectors vary in their proportions of women 
and minorities doing basic research, but the overall num- 
bers and proportions of women and minorities in the 
sectors increased between 1977 and 1987. For example. 
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Figure 5-8. 

Employment of doctoral scientists and engineers In 
basic researchi by sector: 1987 
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See appendix table 5-1 9. 
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over the decade, the proportion of doctoral basic re- 
searchers who are women increased: 

• In academia, from 11 percent to 17 percent; and 

• In the Federal Government, from 7.3 percent to 12 
percent. 

Also in the Federal Government, the percentage of black 
doctorates in S/E basic research increased from 1.2 per- 
cent to 2.1 percent, or from 85 to 188 individuals. 

With Asians comprising 14 percent of its doctoral basic 
researchers, industry had a higher Asian representation 
than any other sector in 1987. Also, industry increased its 
percentage of basic researchers who are women from 5.5 
percent in 1977 to 12 percent in 1987. As in academic R&D, 
women were especially prevalent in life sciences: 21 per- 
cent of industrial life sciences basic researchers were 
women in 1987, compared with 10 percent a decade earlier, 

Retention of Doctoral S/E Researchers in Employment 
Sectors and Research Activities'^ 

Retention in Employment Sectors^^ The largest per- 
centage of doctoral scientists and engineers in research 



*^Tiiese data come from the NRC/NSF Survey of Doctorate Recipients 
data base. A weighted sample of new doctorates from each year enter the 
survey, and are surveyed in subsequent years. No new entrants are added 
to an earlier year's cohort. Thus, attrition occurs. The analysis here was 
based on respondents who answered the NRC/NSF Survey of Doctorate 
Recipients questionnaire in both years of the interval being analyzed. 
Because NRC used varied sampling strategies over the years, it is not very 
useful to compare actual numbers of respondents at the different times. 
However, there were 15,000 matched respondents for 1973 and 1975; 
6,000 of them also matched for 1973 and 1987. 

*^Fcf this and the following subsection only, the term "researcher" 
refers to doctoral researchers in nonacademic basic research or in aca- 
demic R&D. 



who are going to leave their entploying sector do so during 
their initial 2 years in that sector; longitudinal surveys 
show that decreasing percentages leave during subse- 
quent time intervals. (See figure 5-9 and appendix table 
5-21 .) While 7 percent of male doctorates in academic R&D 
in 1973 had left that sector 2 years later, only 21 percent 
had left after 14 years .^^ q^j^^j. words, 79 percent of those 
working in academic R&D in 1973 were still in academia 
14 years later (although not necessarily in R&D). The reten- 
tion rates for women follow similar patterns, although the 
rates are somewhat lower than for men.**^ 



^'Fourteen years was the longest time interval available in analysis of 
longitudinal survey data. The NRC/NSF Survey of Doctorate Recipients 
data base was used to follow movement among repeat responders. No 
corrections were made for nonresponders. 

The estimates of retention have some uncertainty. Data from the 2-year 
initial time period probably overestimate retention rates, because the 
baseline sample contains people who have just started a job as well as 
those who have been at a position or with an employer for longer time 
periods. By contrast, doctorates in the 10- and 14-year samples have been 
in the same or related positions for at least as long as the time interval, 
and apparently are more stable in their positions. It is also possible that 
those who have not changed employers are more likely to receive sub- 
sequent questionnaires (because they have not changed addresses) than 
researchers who have moved, again leading to a possible overestimate of 
retention rates. 

**'Because of the much larger numbers of males compared with females 
in the doctoral S/E workforce, the totals are largely determined by the 
male pattern. Moreover, the retention rates vary the most in those 
categories that contain fewer individuals— for example, women in the 
nonprofit or industry sector during the 1970s. 



Figure 5-9. 

Retention of doctoral scientists and engineers In 
employment sectorsi by number of elapsed years 
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Nota: Data are for men. although woman show similar results. 

See appendix table 5*21 . Science & Engineering lndlcator$-^1989 
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Overall; the retention rates are generally similar when 
the same number of elapsed years (i.e., 2, 4, or 10 years) are 
compared for different calendar year intervals, for ex- 
ample, 1973-77 compared to 1983-87. Retention rates vary 
greatly among sectors, with the industrial and acadtnnic 
sectors showing rates very similar to each other, and both 
considt rably higher than those of the Federal Government 
and nonprofit organizations. (See figure 5-9.) Relatively 
little movement of researchers occurs between the indus- 
trial and academic sectors, with 2-percent to 3-percent 
movement in either direction during selected 2-year inter- 
vals.^^ However, because there are many more researchers 
in the academic sector, this rate suggests that much larger 
numbers of academic researchers move to industry than 
vice versa. 

Retention of Doctoral Scientists and Engineers in Re- 
search. Individuals were considered to have stayed in 
research from timei to time2 if they were in academic R&D 
or nonacademic basic research when surveyed at both 
timei and times. Approximately 20 percent to 30 percent of 
researchers in a given year are no longer working at these 
research activities 2 years later. (See text table 5-4 and 
appendix table 5-22.) However, the rate at which scientists 
and engineers leave these activities decreases over longer 
time intervals. Thus, while 70 percent to 80 percent stay in 
research over 2-year periods, 60 percent of men and 55 
percent of women were still doing nonacademic basic 
research or academic R&D when surveyed after 14 years 
(1973-87). 

These findings suggest there is a large turnover of doc- 
toral level basic researchers soon after they begin research. 



♦'NSBa987),p.94. 



Text tabl* 5-4. Retention of doctoral scientists 
and engineers In researdi for various time 
Intervals since 1973 

Retention In 
research 

Elapsed time Mate Female 

—Years— —Percent— 

1973-75 2 80 79 

1973-77 4 65 61 

1973-83 10 58 51 

1973-87 14 60 55 

1977-79 2 74 72 

1977-87 10 66 63 

1983-85 2 75 74 

1983-87 4 78 75 

1985-87 2 83 81 

Note: Data are for doctoral scientists and engineers whose primary or 
aocorktaiy ^otk activity was nonacademic basic research or academic R&D 
th the first year of a tima fnten/al, and who also responded to the Survey of 
Doctorate Recipients In the final year of an Indicated time interval 

8ee appendix table 6-22. 
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Recent Ph.D.s in postdoctoral positions may be unable to 
get another research position; faculty who do not get ten- 
ure may move to positions where academic R&D or non- 
academic basic research is no longer their primary or 
seco*idary work activity; some scientists and engineers 
may find they do not want to continue in academic R&D 
or nonacademic basic research. 

A larger proportion of doctoral scientists and engineers 
apparently stayed in research in the 1980s compared with 
the 1970s. (See text table 5-4 and appendix table 5-22.) For 
example, the retention rates between the 4-year interval 
from 1983 to 1987 were higher than the rates between 1973 
and 1977. The same qualitative finding holds for 1977 to 
1987 compared with the earlier period 1973 to 1983. These 
results contrast with those discussed earlier for move- 
ments between sectors, where retention rates were largely 
independent of calendar time. 

OUTPUTS OF ACADEMIC R&D: SCIENTIFIC 
LITERATURE, PATENTS, AND PRODUCTS^ 

The primary output of university research is new 
knowledge, usually measured by various types of publi- 
cation counts. As an indicator of the impact that a publica- 
tion has on other research, academic researchers often use 
citation data. Based on publication counts, U.S. academic 
institutions continue to produce a substantial share of the 
world's new S/E knowledge— -albeit with increased inter- 
actions with researchers from other sectors and countries. 

Bibliometrics is the generic term to describe data about 
publications. This section uses bibliometric data to explore 
trends in U.S. and world publication and citation data.^^ 
For example, bibliometric data permit tracking of patterns 
of collaboration among countries, among U.S. employ- 
ment sectors, and among individual researchers. Current 
data show that: 

^ The U.S. is maintaining its large share of world science 
and engineering literature; 

• Coauthorship is rapidly increasing among in- 
dividuals, countries, and sectors; and 

• Tiiere have been some specific changes over the past 
decade in intercountry citation patterns, although the 
overall patterns have remained unchanged. 



*^In this section, academic institutions areessentiallya// U.S. education- 
al institutions, including high schools. The temts "universities" and 
"academic institutions" are used interchangeably in this section. In this 
section, federally funded research and development centers comprise all 
FFRDCs, including those administered by colleges and universities. 

^^he publication data discussed here are taken from science literature 
indicators developed by Computer Horizons, Inc. (CHI), for the National 
Science Foundation. The CHI tabulations are derived from the Science 
Citation Index data basecreated by the Institute for Scientific Information. 
CHI has developed several major data bases. One covers the articles, 
notes, and reviews in a fixed journal set covering approximately 2,100 of 
the most significant S/E journals from 1973. A second data base covers 
articles, notes, and reviews in a fixed journal set of over 3,200 of the most 
influential journals from 1981 forward. 

Throughout this section, the terms "papers," "articles," and "publica- 
tions" are used interchangeably, and refer to the articles, notes, and 
reviews in the CHI bibliometric data bases. 
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University patents measure a different type of knowl- 
edge. A recent sharp increase in university patenting is an 
indicator of the expanding role played by academic R&D 
in technology development. 



World S/E Literature: Comparisons and Interactions^ 

U.S. Share of World SfE Literature. Bibliometric data 
provide one way of looking at U.S. S/E activity in relation 
to that of other countries. In 1986, U.S. publications ac- 
counted for 36 percent of world publications in science and 
engineering, a figure that has been approximately constant 
since 1973 and very constant since 1981. (See appendix 
tables 5-23 and 5-24.) In all fields, the U.S. has a greater 
percentage of world publications than does any other 
country. The U.S. produces: 

• 22 percent of the world literature in chemistry, 

• 30 percent of physics publications, and 

• Between 37 percent and 43 percent of the literature in 
the other major fields. 

However, the U.S. world shares in mathematics, en- 
gineering/technology, and biology have dropped some- 
what since 1973. (See text table 0-1 in Overview and 
appendix table 5-23.) Interpretation of changes in other 
fields is uncertain because U.S. shares in all fields showed 
decreases when the number of journals analyzed was ex- 
panded by 50 percent in 19P1. 

Foreign Country Shares of World Literature. Among 
foreign countries, the United Kingdom, USSR, and Japan 
each contributed about 8 percent of world science and 
engineering literature in 1986, but the fields in which they 
contributed their largest shares differed. (See appendix 
table 5-25.) The United Kingdom made its greatest con- 
tributions in clinical medicine and biology (10 percent of 
world literature); the USSR provided 15 percent of world 
literature in both physics and chemistry; and Japan ac- 
counted for 13 percent of engineering/technology litera- 
ture. One of the more notable changes in world shares is 
Japan's increase in world shareof engineering/ technology 
literature — from 9 percent in 1981 to 13 percent in 1986.^^^ 

Multi'-Authored Papers. An ongoing increase in the 
average number of authors per paper suggests an increase 
in cooperation among scientists and engineers. Between 



'^ese data are based on articles, notes, and reviews in journals from 
the 1973 and 1981 Science Citation Index Corporate Tapes. Articles writ- 
ten by researchers from more than one country are prorated across the 
number of institutions involved from each country, regardless of number of 
individual authors. For example, if an article has authors from two 
institutions in France and one institution from the U.S., it is counted as 
two-thirdsofanartidefor France and one-thirdofanartideforthe United 
States. Articles attributed to U.S. sectors arc similarly prorated. For some 
tabulations, articles are credited to a country, sector, etc., if at least one 
author is from the place of interest. 

^^For extensive bibliometric data for many of the world's countries, see 
Schubert, Glslnzel, and Braun (1989). Their couiury publication shares are 
similar to those reported here. 



1973 and 1986, the average number of authors on world 
S/E publications increased from 2.3 to 3.0. (See appendix 
table 5-26.) Concurrently, the percentage of single-author 
papers decrea.sed from 33 percent in 1973 to 19 percent in 
1986. And, during the same time period, the overall per- 
centage of S/E publications with four or more authors 
increased from 15 percent to 31 percent. (See figure 5-10.) 

This trend toward more multi-authored papers may 
signal greater cooperation among individuals and groups, 
a move toward larger research groups, or increasing 
amounts of '^big science." The trend might also reflect 
simply a tendency to give authorship to more contributors 
than in previous years. 

The author distribution on mathematics papers con- 
trasts strongly with that for other fields. Only 1 percent of 
mathematics publications in 1986 had four or more 
authors and 62 percent were single-author papers. Thece 
data suggest that mathematics research is a less collabora- 
tive activity than research in other fields. 

International Coauthorship. Scientists and engineers 
throughout the world are increasingly coauthoring papers 
with researchers from other countries. In 1976, 4.0 percent 
of world science and engineering publications listed au- 
thors from more than one country; by 1986, this figure had 
increased to 7.5 percent. (See appendix table 5-27.) 

S/E fields vary in degree of international copublication. 
At 13 percent, mathematics had the highest percentage of 
internationally coauthored articles in 1986— a somewhat 
surprising finding, given that the majority of mathematics 
papers have only one author. Earth/space sciences was 



^•rcantagA of world S/E pubilcatlont with 1i 2» 3, 
«nd 4 or mora authors: 197346 . - v; v m - : 
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second with 12 percent of papers internationally coau- 
Ihored, and physics was third with 10 percent.^^ interna- 
tional collaborations at large-scale facilities for physics and 
astronomy research may contribute to the international 
character of these research fields.''^ 

There has been an overall increase in U.S. international 
coauthorship. In 1986, 10.2 percent of publications with at 
least one U.S. author were internationally coauthored, up 
from 5.6 percent in 1976. (See text table 5-5, figure 0-17 in 
Overview, and appendix table 5-28.)^ This rise was ap- 
parent among all U.S. employment sectors. (See appendix 
table 5-29.) Notwithstanding this steady increase, the U.S. 
percentage of internationally coauthored papers is still 
relatively low compared with that of various Western 
countries. 

Japan and the USSR, like the United States, also show 
relatively low — but increasing — percentages of inter- 
national coauthorship. (See figure 0-17 in Overview and 
appendix table 5-28.) In 1986, 7.5 percent of articles with at 
least one Japanese author were internationally coau- 
thored; over half of these were coauthored with the United 
States, and the next largest percentage with West Ger- 
many. In 1986, 3.3 percent of publications with at least one 
author from the USSR were internationally coauthored, 
primarily with East Germany and the rest of Eastern 
Europe. Only 0.4 percent of the USSR articles were written 
with U,S. researchers. 



U.S. Sector Interactions in S/E Publications 

l/.S. Authorship and Coauthorship by Sector^^ The 
academic sector is responsible for over two-thirds of U.S. 
science and engineering publications. Of the 137,770 U.S. 
S/E publications in 1986, universities accounted for 70 
percent. (See appendix table 5-30.) These proportions are 
about the same as they were in 1976. 

By field, academic institutions in 1986 accounted for 
between 60 percent and 80 percent of publications in all 
fields except mathematics and engineering /technology. 
(See appendix table 5-30.) In mathematics, academic 



'^Patterns of U.S. inlernalional coauthorship are similar to those world- 
wide. In 1986, U.S. researchers published most with foreign authors in 
mathematics (19 percent of U.S.-authored mathematics papers), 
earth/space sciences (i6 percent), and physics (15.5 percent). (Data 
provided by CHI) 

^^See Ailes, Coward, Owens, et al. (1988) for a discussion of large-scale 
research facilities in the U.S., Western Europe, and Japan. Examples are 
Fermilab in the U.S. and Centre Europien pour la Recherche Nucleaire 
(CERN) in Geneva for high-energy and particle physics; the joint Euro- 
pean Torus for atomic energy, and the European Molecular Biology 
Laboratory. 

^Appendix tables 5-27 and 5-28 appear to show inconsistent degrees 
of international coauthorship. However, in appendix table 5-28, publica- 
tions are counted at least twice, since they are counted for each author 
country. Appendix table 5-27 uses actual numbers of publications. 

^'See footnote 50. 



Text table 5-5. internationally coauthored artlelea for 
selected isountrlee: 1976 and 1986 

.1976 1986 

WestGemiany . . • • , . . 9.7 : 20.9 

United Kingdom 10.0 : 16.6 

Canada . , :12.4 ■ : 1 9.4 

France \ .10,3 21.3 

USSR r:;v>v2,0 ^'-^-^ 3.3 

UnitedState^ ^: 5.6^^^ ^^^^m^ 

Japan ..v 3.5 ^ 7.6 

Mntematlonally coauthored articles are expressed as a perqentage of all 
articles with at least one author from the oouniry. ^\:y'-':>'-'-:''-'h:''. 
See figure 0*1 7 In Ovenrtw and appendix t^ ; . . : : 
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institutions were responsible for a far higher share — over 
90 percent of publications in 1986. In engineering/ technol- 
percent of publications in 1986. In engineering/technol- 
ogy, they were responsible for 55 percent of publications; 
this was a considerable increase over their 40-percent 
share in 1976. (Over the same period, the industry share of 
engineering/ technology publications dropped from 39 
percent to 26 percent.) 

A trend of increasing cross-sector coauthorship suggests 
there is increased research cooperation among U.S. em- 
ployment sectors. (See appendix table 5-31.) For example, 
bet^veen 1973 and 1986, industry showed a substantial 
increase — from 17 percent to 35 percent — in the propor- 
tion of papers it coauthored with other sectors. The various 
nonacademic sectors publish more frequently with the 
academic sector than with each other. The proportions of 
papers coauthored with universities has risen reasonably 
steadily since 1973, (See figure 5-11.) By 1986, academic 
researchers were coauthors on approximately 30 percent 
to 50 percent of papers from each of the other sectors. 

University-'Industry Coauthorship. Trends in univer- 
sity-industry coauthorship were analyzed to determine 
whether this indicator was consistent with other evidence 
of increased interaction between these two sectors. Over- 
all 28 percent of articles with at least one industry author 
were coauthored with a university author in 1986, com- 
pared with the 1976 figure of 15 percent. By field, the 
percentage of industry articles coauthored with university 
authors in 1986 ranged from a low of 18 percent in chem- 
istry to approximately 40 percent in the three life sciences. 
(See figure 0-26 in Overview and appendix table 5-32.) 

From the academic sector's viewpoint, fewer than 4 
percent of articles with one or more academic r uthors were 
coauthored with industry authors in 1986. (The percentage 
was even lower in 1976.) Universities coauthored more 
with nonprofits (7.4 percent) and government (9.6 percent) 
than with industry or FFRDCs in 1986. 
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Flgure5-11. 

Proportion of U.8. S/E Urtlelts coauthored with U.S. 
;aMdomle Inatltuto 1973^ 

' (Percent coauthored with academla) 
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Note: An article is attributed to a sector if one or more authors are from 
ttie sector. 
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Citation Analysis in the Scientific Literature^ 

Authors cite each other's papers for many reasons, but 
analysts generally assume that rates of citation provide 
some measure of the quality, relevance, or interest—the 
impact— of the cited papers.^^ Analysts also use citation 
data to provide information on how various science and 
engineering fields and subfields may be related to each 
other. 



This analysis uses a methodology designed to minimize the spurious 
effects that occur because authors tend to cite their own country and 
sector much more when citing recent papers than -hen citing papers 
several years old. The cross-sector and cross-country citation analyses 
employed here were performed using a 2-year-lag, 3-year rolling cycle. 
This approach excludes cited papers from either the same year as the 
citing paper or from the immediate prior year, but uses citations from the 
previous 3 years. For example, if 1984 is the citing year, 1980-82 are the 
cited years. While this approach allows analysis of temporal trends, it is 
not useful for quickly detecting "hot" research areas. 

^^See Cozzens (1989), Lederman (1987), and OT/ (1986) for discussions 
about what citation data mean. Cozzens divides citations into two broad 
categories: citations that bolster the findings and conclusions of the citing 
paper, and those whose purpose is to yive credit to the work of previous 
researchers. 



U.S. References to Foreign Countries. Approximately 
29 percent of references'^ in U.S. science and engineering 
papers are to foreign papers, a value that has persisted for 
the past decade. (See text table 5-6 and appendix table 
5-33.) However, some notable changes for specific fields 
and countries have occurred. Over the 1977-86 period, U.S. 
publications decreased the percentage of their references 
to United Kingdom papers in all major fields. By contrast, 
U.S. authors increasingly cited papers from France, West 
Germany, and Japan. Although tho share of Japanese ref- 
erences in U.S. papers increased more than a percentage 
point, Japanese papers still constitute a small share— 
3.5 percent— of total references in U.S. papers. 

In general, citation patterns for individual fields follow 
those for all fields combined. Physics shows the greatest 
change; in 1977, foreign physics papers constituted 31 
percent of physics references in U.S. papers, a percentage 
that had increased to 36 percent by 1986. Further analysis 
of this change shows that U.S. papers increased the num- 
ber of citations to foreign physics papers faster than they 
increased the number of citations to U.S. physics papers. 

Citation Patterns Between U.S. and Foreign Articles. 
In all fields combined, U.S. articles tend to cite U.S. publi- 
cations almost twice as often as expected and to cite non- 
U.S. publications about half as often as expected, as es- 
timated by relative citation ratios.^^ (See appendix table 
5-34.) In other words, U.S. articles tend to overcite U.S. 
publications and to undercite non-U.S. publications. 
Foreign researchers cite U.S. papers in all fields combined 
exactly as frequently as predicted by the U.S. share of 
world literature; tht elative citation ratio is 1.0. The rela- 
tive citation ratios were surprisingly constant between 
1977 and 1986, indicating little change in the relative 
amounts of attention that the citing authors devoted to the 
various cited categories. 

The level of citation of U.S. papers suggests that U.S. 
researchers exert a substantial impact on foreign S/E pub- 
lications. Since foreign papers for all fields combined cite 
U.S. papers as frequently as statistically expected, and the 
U.S. produces about 35 percent of the world S/E literature. 



5«The terms "citation" and "reference" are used interchangeably. 

^^Relative citation ratios (also called relative citation indexes) provide 
information on the relative impact of the cited papers. A relative ci- 
tation ratio— for example, for the U.S. citing of French chemistry pa- 
pers—is calculated as follows; 

Number of citations to French chemistry papers 
_________ '^^ U'S. citing publications 



Total number of chemistry citations 
in U.S. citing publications 



Total number of published chemistry papers from France 

Total number of published chemistiy^apers~i^[^o^ 

If the ratio is greater than 1, the U.S. is citing French chemistry papers 
more than would be expected on statistical grounds. Essentially, the 
relative citation ratio measures the .^xtent to which cited papers are 
getting more or less than their statistical share of attention as measured 
by citations. 

Relative citation ratios can be subtly misinterpreted. For example, the 
smaller a country's share of world publications in a field, the larger its 
relative citation ratio can be, based purely on statistics. 
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Text table SS. CHationt In U.8. pipers to papers 
from selected countries: 1977 and 198$ 



Cited country 



Year of citing. 

papers ■ 
1977 19B6 





! — Percent — 


Uritt9d Stdtds 


71.5 ; 70.6 i 


All foreign countries . . . . . . • • • • 


• • . 28«5 . 29i6 




• •••••• 2i1 ' . 2*S . 






United Mngdom 


7.3 6.9 







Note: Cited pipers are counted in a 2*year*Ieg, 3-year rolHno cyde. For 
example, cWne papers published in ieS6 provide data on ciM papers 
publishedin 1962-84. 

Sea appendix table 6-33. 



approximately 35 percent of citations in foreign S/E pa- 
pers must be to U.S. publications. 

US. Cross-Sector Citations. The various U.S. employ- 
ment sectors overcite their own S/E literature in the same 
way that individual countries do;^ they also usually un- 
dercite papers from other sectors, albeit to varying ex- 
tents.^^ (See appendix table 5-35.) With few exceptions, this 

overf.U pattern was generally stable between 1977 and 
1986.62 

University papers dominate the references in U.S. pub- 
lications. Because the academic sector produces 70 percent 
of the U.S. S/E literature, this finding is not surprising. In 
1986, more than half the citations to U.S. papers were to 
the U.S. academic sector, except when industry was the 
citing sector. However, even industry has cited more aca- 
demic papers than industry papers since 1984. (See appen- 
dix table 5-35.) 

Citations in Engineering/Technology Papers. As an in- 
dicator of the role of basic research in the development of 
technology, citations in engineering /technology journals 
were examined. Engineering/ technology papers primari- 
ly cite their own field. In 1984, 67 percent of their references 
were to other engineering/technology papers; 16 percent 
of the references were to physics papers, and 9 percent to 



Unpublished data from Computer Horizon?, Inc., show that indi- 
vidual foreign countries overcite papers from their own country; this 
effect is most sevete for papers published nearest to the publication year 
of the citing paper. 

*'Only papers with U.S. authors are counted as cited or citing papers 
in this section. Both cited and citing papers are counted as appropriate 
fractional papers when there are authors from more than one country or 
more than one sector. See footnote 50 for an explanation of assignment of 
fractional papers. 

^^Because of year-to-year variability in relative citation ratios, apparent 
time trends should be interpreted cautiously. 



chemistry papers. (See appendix table 5-36.) These propor- 
tions have remained constant since 1976. 

Further analysis focused on the distribution between 
applied research and basic research of the cited physics 
and chemistry papers and on the comparison of this cited 
distribution of papers with the world distribution.^ (See 
appendix table 5-36.) Of the 25 percent of citations in 
engineering/ technology papers to chemistry and physics 
papers, about a third of the cited chemistry and physics 
papers are in basic research journals and two-thirds in 
applied research -targeted basic research journals. How- 
ever, this citation distribution by type of research is the 
reverse of the world distribution of papers in these two 
fields. Thus, engineering/ technology papers show some 
attention to basic research in chemistiy and physics, but 
preferential attention to applied research-targeted basic 
research in those fields. 



Patents Awarded to Universities 

University patenting has increased during the 1980s,^ 
due in part to the 1980 change in the U.S. patent law that 
allows universities and small businesses to retain title to 
inventions resulting £rom research funded by the Federal 
Government. U.S. universities received 2.0 percent of pat- 
ents awarded to U.S. inventors in 1988, more than double 
their 0.9-percent share in 1978.^^ 

Patent Classes. Universities concentrate their patent- 
ing in relatively few patent classes, many of which are in 
biomedical areas. Of the 404 patent classes of the U.S. 
Patent and Trademark Office, only 21 patent classes ac- 
counted for more than half of the 7,798 patents awarded 
to U.S. universities between 1971 and 1988. (See appendix 
table 5-37.) In 1988, universities patented most prolifically 
in four biomedical patent classes: these four classes repre- 
sented 32 percent of university j^atents, compared with 5 
percent of all patents awarded to U.S. inventors. (See text 
table 5-7.) 

Characteristics of the Highest Patenting U.S. Univer^ 
sities. Nine of the ten U.S. universities with the laigest 
numbers of patents in 198C heavily patent in biomedical 



*^he analysis used a four-level categorization system for S/E journals, 
developed by Computer Horizons, Inc. The categories ranged from the 
most applied technology to the most basic science. 

The world distribution of papers by research category and field was 
provided by Computer Horizons, Inc., for 1973 to 1979. Because the 
proportions were constant during those yenrs and consistent with later 
<? ita, the 1973-79 distributions have been used. 

*^U.S. Patent and Trademark Office (1989). 

^^The minimum percentage of U.S.-in vented universily patents award- 
ed to women was 1 .8 percent in 1975, 2.5 percent in 1981, and 5.1 percent 
in 1987. In this last year, at least 36 women from U.S. universities were 
awarded patents. The percentage of total XJS.-invenied patents awarded 
to women was at least 1.6 percent in 1975 and 2.9 percent in 1987. 

The percentages for women are minimum figures since gender-am- 
biguous names could not be assigned. Because the number of uniden- 
tified and gender-ambiguous names exceeds the number of identified 
women, the percentage of women patent-holders could be considerably 
higher than the minimum figures presented here. CHI provided these 
unpublished data, based on the 100 tup patenting universities in the 
United States, which account for over 90 percent of university patents. 
Gender was assigned based on names. 
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Text table 5-7. Most active patent classes for academic sector patenting: 1988 





Patents to 




Academic 




academic 


Patents to U.S. 


share of 


Patent class and name 


Institutions 


inventors 


patents 




Number 


—Percent— 


Untst oil pIoggoc 


801 


40,496 


2.0 




257 


2.1S6 


11.9 


435 Chemistry: molecular biology and 










91 


441 


20.6 


514 Drug, Dtoaffecting and body treating 










80 


823 


9.7 




47 


901 


5.2 


424 Drug, bloaffecting and body treating 










39 


432 


9.0 



See appendix table 5-37 and chapter 6. 
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areas, mirroring the pattern for all universities combined.^ 
(See appendix table 5-38.) The sole exception, Caltech, gets 



^Numbers of patents in 1 988 for the year's top 10 patenting universities 
are: Mil, 63; University of California, 59; Stanford University, 54; Univer- 
sity of Minnesota, 26; Johns Hopkins University and the University of 
Florida, 21 each; University of Wisconsin, 20; Caltech and the University 
of Texas, 18 each; and Harvard University, 17. 



small numbers of patents in a great variety of patent 
classes. These top 10 universities received 38 percent of the 
patents awarded to universities in 1986-88, a dispropor- 
tionately large share. This distribution pattern also occurs 
with other indicators of university R&D; for example, 
these 10 universities receive a relatively large share of 
academic R&D funding. (See appendix table 5-6.) Further- 
more, many of these top patenting universities also rank 
in ihe top 10 in numbers of publications in various fields. 



Dependence of Manufacturing Industries on 
Academic Research 



Various efforts have been made to quantify the role 
that academic research plays in industrial JevelCipment 
of new products. In the first empirical attempt to es- 
tunate the economic return to society from this research, 
Mansfield (forthcoming, 1990) found that industry de- 
pends heavily on recent academic research. (See text 
table 5-8.) A very rough estimate of the minimum an- 
nual social rate of return from the academic research 
discussed in this study was 28 percent. 

Mansfield's results were based on a probability sam- 
ple study of 76 major American firms in 7 manufactur- 
ing industries. Executives were asked about new 
products and processes they had introduced between 
1975 and 1985. They said that a substantial proportion 
of the?- new products and processes depended on aca- 
demic ix&D, m that they either: 

• Could not have been developed (without substan- 
tial delay) in the absence of recent academic re- 
search, or 

• Were developed with very substantial aid from 
recent academic research. 

The drug industry showed the greatest dependence 
on academic research, with 44 percent of its new 
products depending on such research. 



Text table 5-8. Percentage of new products and 
processes based on recent academic research for 
seven U.S. Industries: 1975«85 

Percentage whose 
development depended 
on recent academic 
research^ 

Industry Products Processes 

Information processing 28 27 

Electrical 9 7 

Chemical 8 6 

Instruments 21 3 

Drugs 44 37 

Metals 22 21 

Oil 2 2 

^ Percentage that either could not have been developed (without substantial 
delay) in the absence of recent academic research or that were developed 
with very substantial aid from recent academic research. 

SOURCE: Mansfield (forthcoming. 1 990). 
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Industrial R&D and Technology 



HIGHLIGHTS 



• Expenditures for industrial research and development (R&D) 
are growing, but this growth is beginning to sloiv. Total 
industrial expenditures for RfrD are estimated at $95.4 
billion in 1 989; this is 72 percent of all R&D expenditures 
in the United States. Frcm 1980 to 1985, the average 
annual increase in industrial R&D performance was 6.3 
percent in constant dollars. However, increases averag- 
ing only 1 .8 percent per year are estimated from 1985 to 
1989. (See pp. ,29-31.) 

• Private industry has funded more than one-half of all in- 
dustrial R&u' every year since 1968, and since 1979 has 
funded about two-thirds of the total. From 1980 to 1985, 
company funding increased by an average of 5.4-per- 
cent per year in constant dollars. There was essentially 
no growth from 1985 to 1986. From 1986 to 1989, es- 
timates are that company funding went up by only 2.3 
percent per year. (See pp. 129-31.) 

• The rate of increase of Federal funds for industrial R&L ' ; 
slowing after a period of rapid growth. From 1980 to 1985, 
Federal funds for industrial R&D increased at a rate of 
8.1 percent per year in constant dollars. The growth from 
1985 to 1986 was less xhan 1 percent. From 1986 to 1989, 
only a 2.1 -percent annual increase is estimated. (See pp. 
129-31.) 

• Betiveen 1980 and 1986, R&D expenditures increased espe- 
cially rapidly in high-tech manufacturing industries. The 
growth rate was 5.8 percent per year in constant dollars. 
In other manufacturing, growth was 4.4 percent per 
year; in nonmanufacturing, it was 2.0 percent per year. 
Growth was especially rapid in chemicals and allied 
products and in electrical equipment. (See p.l31.) 

• The Federal Government supports an especially high share of 
industrial R&D in defense-related industries, such as aircraft 
and missiles (74.5 vercent Federal) and electrical equipment 
(42 percent Federal). From 1980 to 1986, Federal support 
grew especially rapidlj'— by 9.6 percent per year in con- 
r^tant dollars— in the communication equipment indus- 
try. In machinery, including computers, the growth of 
Federal funding was 9.2 percent per year. These in- 
dustries are also highly defense-related. (See p. 131.) 

• The number of U.S. patents granted to Americans has 
reversed its decline and has been increasing since 1933. After 
a decline averaging 2.1 percent per year from 1969 to 
1983, in terms or date of patent application, there was a 
5.4-percent per year increase from 1983 to 1988. How- 
ever, foreign patenting increased by 9.1 percent per year 
from 1983 to 1988. (See pp. 132-33.) 

• The share of U.S. patents granted to foreigners rose to 48 
percent in 1988. The Japanese share was 21 percent, and 



is still growing rapidly; it was 10 percent in 1978. (See 
pp. 132, 135, 139.) 

• Japanese patenting in the United States emphasizes certain 
specific technology fields that are commercially important, 
such as photocopying, information storage and retrieval, pho- 
tography, motor vehicles, and typeroriting machines. Amer- 
ican inventors give especially low emphasis to those 
fields, but do emphasize chemical fields Uke biochem- 
istry, petroleum, and pharmaceuticals. (See pp. 136-38.) 

• The share of U.S. patents going to U.S. nationals declined in 
most broad industries from 1 978 to 1 988. The share granted 
to Americans fell from 64 to 44 percent in office, com- 
puting, and accounting machines (including com- 
puters); and from 63 to 43 percent in motor vehicles. The 
Japanese share has grown in all broad industries, par- 
ticularly in office, computing, and accounting machines. 
(See p. 139.) 

• Citations from U.S. patents to earlier U.S. patents suggest 
that the patents received by Japanese and U.S. corporations 
are most frequently cited and therefore may be of especially 
high quality. Patents granted to inventors from other 
countries and those owned by U.S. individuals or the 
U.S. Government are less frequently cited. (See pp. 139- 
41.) 

• Small business establishments operating in high-technology 
fields prospered substantially more than those operating in 
other fields during 1980-86. Employment in small busi- 
ness establishments operating in high-tech fields grew 
at more than double the rate of small business estab- 
lishments in the entire U.S. economy. Employment in 
technology-related industries grew by 28 percent dur- 
ing this period, while employment in all small busi- 
nesses grew by 11 percent. (See pp. 142-43.) 

• Small high-tech establishments exhibited a stronger tendency 
to leave the small business category through growth or mer- 
gers than did small non-high-tech establishments. Also, 
small high-tech manufacturing establishments were 
more likely to grow or merge out of the small business 
category than were small business establishmeuts per- 
forming high-technology services. Manufacturing busi- 
nesses that operated in the communication equipment 
and electronic components industries were most likely 
to make the transition. (See p. 143.) 

• The pool of capital managed by venture capital firms grew 
dramatically during 1978-87. Venture capital is an impor- 
tant source of funds used in the formation and expan- 
sion of small high-tech companies. In 1987, the pool of 
capital was eight times as large as it was in 1978. Pension 
funds were a growing source of new monsy committed 
to venture capital firms. (See pp. 144-45.) 
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• Small businesses continue to play an important role in the 
biotedmologij industry, accounting for 95 percent of all firms 
operating in the field during 1988. There are indications 
that the industry's rapid growth during the early 1980s 
may be slewing down. Since 1985, there has been a 



steady decline in new biotech firms. During 1987; capital 
raised through initial public offerings for biotechnology 
firms declined by 50 percent compared with that raised 
during 1986. (See p. 145.) 



Figure 6-1. 

Industry funding and performance of R&D, as a percentage of total R&D, in selected countries 
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Industry is, in many respects, the most important sector 
in any analysis of science and technology (S&T), In the 
Jnited States, 72 percent of all research and development 
(R&D) expenditures are for RkD performed in industry. 
(See figure 6-1 a.) Among other large industrialized 
market-economy countries; West Germany has a similar 
share of R&D performed hy industry. Japan and the United 
Kingdom have somewhat lower shares (66 or 67 percent), 
while in France about 59 percent of national R&D expen- 
diture is in industry. The share of R&D performed in 
industry has actually increased in West Germany (since 
the early 1970s) and in Japan (since the middle 1970s). 



Private industry is the source of 48 percent of all funds 
spent for R&D in the United States,^ with the rest provided 
by the Federal Government. Nearly all industry funding is 
for R&D that will be performed in industry itself.^ Of the 
other four countries shown on figure 6-1 b, Japan and West 



^This numbor nctually iiicludos funding from dll non-r^edcral sources, 
including state and local governments, but nearly all of this is in fact 
private funding. 

^About 1 percent is spent on university research, and almost 1 percent 
on research in nonprofit institutions. For a discussion of industry support 
for R&D in colleges and universities, see chapter 3. 
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Germany have a considerably larger share of their national 
R&D funds coming from private sources than the United 
States has. France and— until recently— Britain have less 
of their R&D funded by industrial sources,'' In all five 
countries, the trend since the early 1970s seems to be for 
increased shares of industrial support of R&D* In the 
United States, however, the trend has reversed shghtly, 
with lower shares of private support since the peak year 
in 1982. This is due primarily to the buildup of Federal 
R&D for defense in the 1980s. 

This chapter discusses private and Federal funding of 
R&D in U.S. industry. Industrial R&D is the principal 
source of technological developments that benefit the en- 
tire economy. Some of these benefits are seen in the pro- 
duction of new technical inventions. These are discussed 
in terms of the patents granted to Americans and also to 
foreign inventors. Another aspect of industrial technology 
is the formation and growth of high-tech small companies; 
these are the subject of the last section of this chapter. U.S. 



^For France and Britain, the data sliown include R&D funding provided 
by public, as well as private, corporations. Thus, the level of private 
funding for industrial R&D is lower than is shown on figure 6-1. 



industry's experience in the international marketplace for 
high-tech pioducts is discussed in chapter 7. The employ- 
ment of scientists and engineers in industry is treated in 
chapter 3. 



EXPENDITURES FOR RESEARCH AND 
DEVELOPMENT IN U.S. INDUSTRY 

Trends in constant-dollar funds spent on industrial 
R&D are indicators of the level of R&D activity in U.S. 
industry* Funds for industrial R&D come almost exclu- 
sively from two sources: private industry itself and the 
Federal Government.* Total current-dollar expenditures 
for industrial R&D have increased markedly in the 1980s, 
with $90*6 billion estimated for 1988 and $95.4 billion 
estimated for 1989. (See figure 6-2*) This increase repre- 

*Some companies perform independent research and development 
(IR&D), i.e., in-house R&D intended to better prepare the companies to 
bid on National Aeronautics and Space Administration or Department of 
Defense projects. Some of these expenditures are later reimbursed by the 
agency as overhead charges allocated to contracts. In this chapter, IR&D 
expenditures are counted as company-funded R&D. 
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sents an 8.8-percent annual growth rate from 1980 to 1989 
in current dollars. In constant-dollar terms, total R&D 
funding in industry has risen every year from 1975 to 1989. 
From 1980 to 1985, the growth rate was 6.3 percent per 
year. This rate has slowed in vecent years, however: it was 
only 0.9 percent per year from 1985 to 1987. An increase of 
only 2.9 percent is estimated from 1987 to 1988, and only 
1.3 percent from 1988 to 1989. 

Trends in Company and Federal Funding 

The share of industrial R&D funding coming from the 
companies themselves increased steadily from the early 
1960s until 1980. (See figure 6-2 and appendix table 6-2.) 
From 1980 until 1986, this trend was reversed as the mil- 
itary buildup led the Federal contribu tion to increase more 
rapidly than the private contribution. Since 1986, prelimi- 
nary data and estimates suggest that the trend has begun 
to return to the older pattern, with private financing in- 
creasing a little more rapidly than Federal financing. 

More specifically, from 1963 until 1980, private funding 
for industrial R&D increased at an average rate of 4.6 
percent per year (in constant dollars), while Federal sup- 
port decreased by 1.8 percent per year. From 1980 to 1985, 
company support continued its increase at a rate of 5.4 
percent per year, but Federal support went up by 8.1 
percent per year on average. From 1985 to 1986, there was 
essentially zero growth in company-funded R&D, while 
Federal funding went up less than 1 percent. 

After 1986, the overall growth in funding seems to have 
resumed, but at a slower rate than in the early 1980s. From 
1986 to 1989, estimates are that company funding went up 
by only 2.3 percent per year, while Federal funding went 
up by 2.1 percent per year. Most of this Federal funding 
incr**ase was from 1986 to 1987; after that, estimates are for 
sharply decreasing rates of Federal growth. As a result, 
company funds were 42 percent of all industrial R&D 
funding in 1963, 68 percent in 1980, 66 percent in 1986, and 
an estimated 66 percent in 1989. 

The very slight increase in Federal support in the last 
few years is largely because of concern over the Federal 
budget deficit. In the case of private industry, the relatively 
low ra.e of increase of R&D funding has been attributed to 
(1) relatively small increases in sales and profits, (2) greater 
emphasis on cost reduction programs, and (3) closer ties 
between R&D and manufacturing operations, as well as 
(4) the increase in corporate mergers.^ Other analyses in- 
dicate that mergers and acquisitions in expanding markets 
are accompanied by increases in R&D; in declining mar- 
kets, reductions of R&D are more likely to result. 

R&D Expenditures in Individual Industries 

Individual industries show very different trends in bo'^h 
their R&D expenditures and in the sources of support of 
those expenditures. It is helpful to divide industries into 
three general groups: high-technology manufacturing. 



^SeeNSF (1988a) and (1989). 



Other manufacturing, and nonmanufacturing.^ (See figure 
6-3.) 

High-tech manufacturing industries accounted for 74 
percent of industrial R&D expenditures in 1936, up from 
72 percent in 1980. Other manufacturing industries ac- 
counted for 23 percent. Nonmanufacturing (including ser- 
vices) accounted for only 3 percent. However, innovation 
in the service industries is sustained by R&D-based prod- 
ucts introduced by manufacturing industries, as well as by 
R&D within those industries themselves. From 1980 to 
1986— a period of economic slowdown followed by re- 
covery—total industrial R&D rose by an average of 5.3 
percent per year in constant dollars. During this time, R&D 
within the three industry groups increased as follows: 

• High-tech manufacturing— 5.8 percent per year, 

• Other manufacturing— 4.4 percent per year, and 

• Nonmanufacturing— 2.0 percent per year* 

Growth was especially rapid in the high-tech manufactur- 
ing industries chemicals and allied products and electrical 
equipment. (See appendix table 6-3.) 

Certain industries receive especially large portions of 
their R&D support from Federal sources. (See text table 
6-1.) This is particularly true in aircraft and missiles and in 
electrical equipment, which are of special military impor- 
tance. For example, electronics are an increasingly impor- 
tant component of air weapons systems. Nonmanufactur- 
ing industries as a group also have a large share of their 
R&D funding contributed by the Government. This is the 
only group to show a clear increase in the Government's 
share of R&D funding since 1980. 

While total Federal support for industrial R&D in- 
creased at an average rate of 6.9 percent per year (in 
constant dollars) from 1980 to 1986, the increase was much 
more rapid in some industries. In particular, it was 9.6 
percent per year in communication equipment, 9.2 percent 
per year in machinery (including computers), and 7.7 per- 
cent per year in all nonmanufacturing. (See appendix table 
6-4.) On the other hand. Federal funding of chemical in- 
dustry R&D declined by 10.8 percent per year. 

Company funding for industrial R&D increased by 4.5 
percent per year from 1980 to 1986 in constant dollars. (See 
appendix table 6-5.) The fastest increases were in chemi- 
cals and allied products (7.6 percent per year) and in 
electrical equipment (6.4 percent per year). 

Company funding in high-tech manufacturing indus- 
tries went up 5.8 percent per year, while it went up 2.5 



*A list of manufacturing industries in the two groups is shown in 
appendix table 6-3, along with trends in R&D expenditures in each 
industry. High-tech Industries are identified in terms of the ratio of their 
R&D expenditures to their net sales. The nonmanufacturing industry 
group here comprises agriculture, forestry, and fishing; mining and 
construction; transport; Hon, communications/ electric, gas, and sanitary 
services; wholesale anci retail trade; finance. Insurance, and real estate; 
computer and data processing services; research and development 
laboratories and other miscellaneous business services; medical a nd den- 
tal laboratories; and engineering, architectural, and surveying services, 
Ofcourse,onlysorneofthesereportsignlflcantR&Dexpendltures.In the 
future. It will be possible to report R&D expenditures for some specific 
nonmanufacturing industries. Throughout this chapter, the 1972 Stan- 
datd Industrial Classification (SIC) is used. 
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Figure 6-3. 

Research and development expenditures, by industry group 
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percent per year in non-high-tech manufacturing and ac- 
tually declined 37 percent per year in nonmanufacturing. 
This is a major departure from the trend in Federal fund- 
ing. Federal support grew by 5.7 percent, 15.0 percent, and 
7.7 percent per year, respectivey. 

From 1986 to 1988, quite different trends are estimated 
for company funding. (See appendix table 6-5.) While 
high-tech manufacturing industries are expected to have 
maintained a growth rate of 5.0 percent per year in con- 
stant-dollar R&D expenditures, a net decline is expected 
in all other industries combined. Chemicals and allied 
products and electrical equipment are not expected to 
have maintained nearly the growth rates of recent years, 
while machinery (including computers) is expected to 
have had a very high growth rate of 12 percent per year. 



inventions as such, the patents taken out for inventions can 
provide an indicator of the rate of invention.^ 



Inventors and Owners of Inventions Patented in the 
United States 

Patents by Date of Grant-General Trends. The U.S. 
Patent and Trademark Office issues patents to both U.S. 
and foreign inventors. This discussion is limited to patents 
actually granted, rather than to those only applied for; fur- 
thermore, it deals only with patents grantecl by the L7.S. 
patent office. In 1988, U.S. inventors received 52 percent of 
U.S. patents granted, while foreigners received the re- 
maining 48 percent. (See figure 6-4 and appendix table 



PATENTED INVENTIONS 

Industrial R&D produces many benefits for the per- 
forming company. One of the main benefits is a stream of 
new technical inventions that may in turn be embodied in 
innovations — i.e., in new or improved products, proces- 
ses, and services. As a measure of the success of U.S. 
industry in producing new inventions, it would be de- 
sirable to be able to count them and show their trend over 
time. While there is no accepted method for counting 



Patenting indicators, while instructive and convenient, have some 
well-known drawbacks. For one thing, many inven tions are not patented. 
This isdue in part to laws in different states that provide for the protection 
of industrial trade secrets. Different industries vary considerably in their 
propensity to patent their inventions, so that it is not advisable tocompare 
patenting rates across different technologies or industries. In addition, 
there are various reasons for applying for patent protection, and the 
inventions patented can vary considerably in quality. (One method of 
dealing with the question of varying quality, based on patent citations, is 
discussed later in this section.) These limitations should be kept in mind 
when using patent counts to represent levels of Invention. Nevertheless, 
patents provide a unique source of information on this subject. 
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Text table 6-1. Share of R&D funding provided by the Federal Government In 

selected Industries: 1980-86 



Industry 



1980 



1983 1984 



1985 



1986 
(prel.) 



Total 31.5 

Chemicals and allied products (SIC 28) 8.0 

Industrial chemicals (SIC 281-2, 266) 15.5 

Drugs and medicines (SIC 283) NA 

Petroleum refining (SIC 29) 9.7 

Rubber products (SIC 30) NA 

Primary metals (SIC 33) 18.5 

Ferrous metals and products (SIC 331 -2, 3398-99) 23.7 

Nonferrous metals and products (SIC 333-36) 10.5 

Fabricated metal products (SIC 34) . 8.9 

Machinery (Including computers) (SIC 35) 1 1 .0 

Electrical equipment (SIC 36) 40.8 

Radio and TV receiving equipment (SIC 365) 37.8 

Communication equipment (SIC 366) 41.2 

Electronic components (SIC 367) 24.7 

Other electrical equipment (SIC 361 -64, 369) 49.0 

Transportation equipment (SIC 37) NA 

Motor vehicles and motor vehicle equipment (SIC 371 ) 1 3.2 

Aircraft and missiles (SIC 372, 376) 72.1 

Professional and scientific Instruments (SIC 38) 1 8.9 

Scientific and mechanical measuring instruments (SIC 

381-82) 25.9 

Optical, surgical, photographic, and other instruments (SIC 

383-87) 13.3 

Nonmanufacturing industries 42.9 

NA> Not available. 

See appendix tables 6-3, 6>4, and 6-5. 



32.4 
6.1 
12.9 
NA 
NA 
NA 
35.2 
NA 
NA 
10.3 
13.5 
37.9 
NA 
36.2 
17.6 
NA 
NA 
10.6 
75.1 
14.4 

NA 

NA 
46.7 



Percent - 
32.4 
2.9 
6.3 
NA 
NA 
NA 
NA 
NA 
9.0 
8.5 
12.6 
38.1 
NA 
37.4 
18.5 
NA 
NA 
11.1 
76.3 
13.6 

NA 

NA 
47.0 



34.3 
3.4 
7.2 
0.1 
NA 
NA 
NA 
NA 
9.6 
6.7 
14.2 
41.2 
NA 
40.8 
18.7 
NA 
58.2 
NA 
76.6 
14.8 

NA 

NA 
52.5 



34.5 
2.7 
6.1 

NA 

27.9 
NA 
NA 
7.5 
12.5 
13.6 
42.0 
NA 
42.5 
18.7 
NA 
56.3 
NA 
74.5 
15.6 

NA 

NA 
59.5 
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6-6.) This is the highest share of U.S. patents that foreigners 
have ever received.^ 

The peak year for patents granted to Americans was 
1971. Patenting declined from that year to V82 and 
1983— i.e., shortly after the 1980-81 recession— and has 
been increasing fairly rapidly since that time.^" By 1987, 
U.S. patenting had again reached the level of the mid- 
1970s, having increased by 7.3 percent per year from the 
1983 low. Foreign patenting in the United States was also 
experiencing a slight dip in 1983. From 1983 to 1987, it rose 
at a rate nearly twice that of U.S. domestic patenting— 13.2 
percent per year.^^ 



few of these foreign inventors nctually work for U.S. concerns. In 
1988, 6 percent of the pntcnts granted to foreigners had U.S. corporntions 
registered as their o\ 'ners. In 1978, this proportion was 8 percent. 

This is the peak yt-nr for patents classified by date of grant. Granted 
patents can also be classified by date of application, as discussed in the 
section "Granted Patents by Date of Application," p. 

*^*Thereisadip in th?numberof patents granted to all countries in 1979. 
This is because the p/.tent office budget was insufficient to print all the 
patents approved in that year. 

"Both U.S. and foreign patenting declined from 1987 to 1988. This is 
one of many oscillations that appear in patenting data by year of patent 
grant. It reflects the especially low number of patents that were awarded 
in 1986 because of budget restrictions at the patent office. This in turn led 
to a carryover of patents into 1987, and, consequently, an unusually high 
number of patent grants in that year. 1 he discussion of "Granted Patents 
by Date of Application" (p. 13f>) shows that there was no ital decline in 
U.S. and foreign patenting activity from 1987 to 1988. 



Interpretatiofis of Trends. These trends are open to 
various interpretations. 

• If a country's domestic patenting is taken as an in- 
dicator of its production of inventions, then the 
production of inventions in the United States declined 
in the 1970s and has been increasing since 1983.^^ 
this view, increases in patenting in the United States 
by foreign countries may be attributed to the desire to 
exploit the U.S. market, and not to any increase in 
inventions by those countries. 

• On the other hand, patenting by foreign countries in 
a large country like the United States may be con- 
sidered an indicator of the levels of invention in those 
foreign countries. Under this assumption, the rapid 
increase of foreign patents in the United States since 
1983 suggests a rapid increase in foreign levels of 
invention. 



'Many other industrialized countries, excluding Japan, had similar 
declines in domestic patenting. 

'^These two inteipretations are illustrated by Schiffel and Kitti (1978) 
and by Pavitt (1985). Data from the Europcau Patent Office show that the 
Japaneseshareof patents rose from 75 percent to 1 3.0 percent in the short 
interval from 1983 to 1985. The share of patents granted to Americans 
remained virtually constant at 22.7 percent. In the same interval, the 
number of patents granted by the Japmtc^yi' patent office to Americans and 
to citi;£ens of the contracting states of the European Patent Office was 
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Figure 6-4, 

patents grantee, nationality of inventor 



By date of application^ 



90 



•0 

70 
60 Y 
60 - 
40 - 
30 I- 
80 

10 h 



k\ U.S. patents 



To U.S. invanion 



Tofortift inventor* 



1B70 



72 



74 



76 



76 



'60 



'62 



'66 



By dato of grant 



90 



60 
70 
60 
&C 

40 I- 

30 
20 j- 
10 - 




To U.S. mvenlors 



\ 



To toreig-i Inventors 



\ 



« t * ' ' L 



1970 



72 



74 



76 



76 



'60 



*62 



'66 



'66 



^Estinnates are shown for 1981 to 1988 for patents by date of application. 
See appendix table 6-6. 
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It is possible, of course, that some foreign countries (e.g., 
Japrin) may have both an increasing number of inventions 
and a growing interest in patenting in the United States. 

Further, the costs of acquiring a U.S. patent are often 
higher for a foreign filer than for an American. Thus, 



nearly identical: both lost a small parf of their share, dropping from about 
8,2 to 7.3 percent. See U.S. Patent and Trademark Office (1985a), pp. 3 and 
41. Thus, Japanese inventors are the only group of the three to show an 
increasing share of patents in all three patent offices. 



foreign patents may represent a more selective set of in- 
ventions — for example, those owned by multinational cor- 
porations and aimed at U.S. markets as part of a company's 
global strategy. Such patenting is especially responsive to 
economic and market influences. The increase in foreign 
patenting in the United States is thus part of the general 
internationalization of the U.S. economy. In any case, one 
consequence of the trends discussed here is that more and 
more of the new technologies available for commercial 
exploitation in the United States are owned and controlled 
by foreign corporations. 
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Recent research has emphasized also that the trends in 
the numbers of patents are not necessarily the same as the 
trends in their quality. For example, while the number of 
patents in the United Kingdom. France, and West Ger- 
many began to decline in the mid- or late 1960s, the aver- 
age quality of the patents increased, with the result that the 
total value of patent rights actually increased.^* This is 
related to the finding that a small portion of all patents has 
most of the total value. Further research is extending these 
results to more countries and various fields of technology. 

Patents Granted to Americans, by Sector. Patents 
granted to American inventors can be further analyzed 
according to who owns them. Inventors who work for 
private companies or for the Government commonly as- 
sign ownership of their patents to their employer; self- 
employed inventors usually retain ownership of their pat- 
ents. The owner's sector is thus a good indication of the 
sector in which the inventive work was done, In 1988, 72 
percent of patents granted to Americans were owned by 
U.S. corporations.^^ This percentage has varied within a 
narrow range, i.e., from 74 in 1970 to 70 in 1980. Thus, 



trends in U.S. patenting are largely trends in patenting by 
corporations. U.S. individuals are the next largest group of 
owners of patents granted to Americans, and their share 
has increased somewhat over the past two decades. It 
began at a relatively low level in 1970 (21 percent), rose to 
27 percent in 1980, and was 25 percent in 1988. The Gov- 
ernment's share of patents has varied from a high of 4 
percent in 1976 to a low of 2 percent in 1988.^^ Finally, about 
1 percent of patents granted to American inventors are 
owned by foreign corporations or governments. 

Patents Granted to Foreign Inventors, by Country. 
Foreign patenting is highly concentrated in terms of coun- 
try of origin. (See figure6-5.) Since 1975 Japan has received 
more patents than any other foreign country. Japanese 
inventors have steadily increased their share, receiving 21 
percent of all U.S. patents in 1988. West Germany follows 
with 9 percent, while France and the United Kingdom are 
next with 3 percent each. Japanese patenting has had 
especially high growth; it has nearly doubled since 1983, 
for an annual growth rate of 12.9 percent. In the same 



**Schankerman and Pakes (1986). 

^^About 2 percent of patents granted to Americans in 1988 were owned 
by U.S. universities and colleges. These a* • counted by the patent office 
as patents owned by corporations. For further discussion of academic 
patenting, see chapter 5. 



^^In addition to patents, the patent office sometimes awards Statutory 
Invention Registrations (SIRs), which are publications that are not or- 
dinarily subject to examination and cost less to obtain than patents. They 
give the holder the right to use the invention and prevent others from 
patenting it, but do not keep others from selling or using the invention. 
Government inventors get the majority of SIRs. In 1988, they were 
awarded 728 patents and 114 SIRs. 



Figure 6*5. 

U.S. patents granted to foreign inventors, by nationality of Inventor 
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^Estinfiates are shown for 1981 to 1986 for pater.i6 t)y date of application, 
Sea appendix table 6«6. 
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1983-88 period, other countries' patenting has grown as 
follows: 

• West Germany, 6.1 percent per year; 

• France, 7.0 percent per year; 

• United Kingdom, 6.0 percent per year; and (for com- 
parison) 

• The U.S., 4.3 percent per year. 

Granted Patents by Date of Application. Patent data 
in terms of the year in which the patent was granted show 
considerable oscillation from year to year. (See figures 6*4 
and 6-5.) Much of this is due to fluctuations in the rate at 
which the patent office processes applications, rather than 
to any fluctuation in the filing of applications by inventors. 
To remove the effect of fluctuations in processing rates, 
granted patents can be allc. rated to the years in which they 
were applied for. The application date is roughly 2 or 3 
years before the year of grant, and is closer to the time at 
which the invention actually took place. 

By year of application, patenting data show much 
smoother trends. (See figures 6-4 and 6-5.)^^ In these terms, 
from the batch of applications flled in 1988, 48 percent of 
the U.S. patents that will be granted will go to foreign 
inventors. Japan will receive 22 percent, the West German 
share will drop to 8 percent, and France and the U.K. 
will— agal.t— -have 3 percent each. 

In terms of application date, patents granted to U.S. 
inventors decreased fairly regularly from 1969 to 1983 at 
an annual average rate of 2.1 percent. They have increased 
steadily since the low point in 1983^* at an average rate of 
5.4 percent per year. From 1987 to 1988 alone, they rose by 
10 percent, and have again reached the level of the early 
1970s. 

Japanese patenting has grown by 12.5 percent per year 
over this period, with a 16-percent increase from 1987 to 
1988. Since 1970, annual Japanese patenting in the United 
States has increased by a factor of 4.4. Wes\ Germany's 
patenting in the United States has increased by 5.7 percent 
per year from 1983 to 1988, in terms of application date. 
For France, the increase was 6.7 percent per year, while for 
the United Kingdo) a it was 3.9 percent per year. Overall, 
France has had a substantial increase in its U.S. patenting 
since 1970, and has overtaken the United Kingdom. (See 
appendix table 6-6.) These results show that Japan is main- 
taining the fastest growing rate of filing applications in the 



'^Since many of the patent applications filed in recent years have not 
yet been examined by the patent office, it is not known how many of these 
will ultimately become granted patents. The expected number of granted 
patents for recent application years can be estimated by multiplying the 
total number of applications for any year by the recent success rate. Such 
estimates are used for patenting rates by date of application throughout 
this chapter. 

'*The data series for patent grants by date of application shows a dip 
in 1983 for many countries. In fact, the number of applications from many 
countries was especially high in 1982 and correspondingly low in 1983. 
This is largely because a new schedule of higher fees was introduced in 
late 1982, leading to an acceleration of filings in 1982 and fewer in 1983. 



U.S. patent office/^ and will continue in the immediate 
future to increase its share of patents. 



Patent Fields Favored by Inventors From 
Different Countries 

Patent counts give an idea of the amount of inventive 
activity and output by different countries, but it is also 
important to know how an individual country's patents 
are distributed among specific technical areas. A large num- 
ber of patents held by a given country is more meaningful 
if those patents are in important fields of techn:jlogy. The 
best classification system to use in looking at individual 
fields of patenting is the one that divides patents into the 
narrowest and most specific classes. This is the U.S. Patent 
and Trademark Office's own classification system, which 
contains approximately 370 active classes pertaining to 
inventions. The patents received by U.S. and foreign in- 
ventors in recent years can be compared in terms of these 
classes.^^ 

Comparison of Fields Favored by U.S. and Japanese 
Inventors. Because of the special interest of U.S.- 
Japanese comparisons, text tables 6-2 and 6-3 show the 
areas of greatest and least concentration by American and 
Japanese inventors patenting in the United States.^* More 
extensive data are given in appendix tables 6-7 and 6-8. 
Comparable data on West German, French, and British 
patenting in the United States are given in appendix tables 
6-9, 6-10, and 6-11. Together, these five countries account 
for 89 percent of all patents granted in the United States. 

To some extent, there is an inverse relationship between 
U.S. and Japanese patenting. (See text tables 6-2 and 6-3.)^ 



'Japanese applications also lead to grants more often than do applica- 
tions from any of the other countries discussed here. For example, an 
estimated 68.3 percent of the patent applications filed by Japanese inven- 
tors in 1 985 will lead to patent grants. The percentages for other countries 
are France, 667 percent; West Germany, 65.9 percent; and United Stales, 
59.5 percent. 

^An earlier report comparing the fields emphasized by U.S. and Jap 
anese inventors in their U.S. patents is Narin a..a Olivastro (1986). See 
also Narin and Frame (1989). 

^^The listing is limited to the 130 patent classes that received at least 200 
patents, from all countries, in 1988. Thus small fields are not considered. 
The fields are ordered in terms of the "activity index/' which reflects a 
country's share of the patents granted in a field in 1988. The listings thus 
show the fields in which a country has high or low shares of the patents, 
rather than the fields in which it simply has high or low absolute numbers 
of patents. Note that "emphasis," as shown on these tables, is a relative 
term. For example, U.S. inventors "emphasize" certain fields only by 
comparison with foreign inventors, not by themselves. 

^ince the United States is the host countty, patents granted to Amer- 
ican inventors have some special characteristics. In particular, most of the 
inventors who patent in the U.S. patent office but have no corporate or 
government affiliation are Americans. Unaffiliated foreign inventors are 
not likely to apply for American patents because of the difficulty and cost, 
and because they have little interest in patent protection in the United 
States. As a result, the data on patenting by Americans reflect a relatively 
large share of patentinjg by unaffiliated individuals and a relatively small 
share of corporate-affiliated patenting. (For example, 73 percent of U.S. 
patents granted to Americans go to inventors affiliated with corporations, 
while 96 percent of U.S. patents going to Japanese inventors are owned 
by corporations.) Unaffiliated individuals tend to patent in fields of little 
interest to Industry, such as fishing, trapping, and vermin destroying, or 
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Text tabia 6-2. Patent classes most and least emphasized by U.S. corporations patenting in the United States: 1988 



Most emphasized classes 

1. Mineral oils: processes and products 

2. Wells 

a Chemistry: analytical and Immunological testing 

4. Chemistry: molecular biology and microbiology 

5. Catalyst, solid sorbent, or support therefor, product or 
process of making 

6. Error detection/correction and fault detection/recovery 

7. Semiconductor device manufacturing: process 

8. Part of the class 520 serios*^ynthetlc resins or natural 
rubbers 

9. Glass manufacturing 

10. Electrical connectors 

11. Amplifiers 

1 2. Pulse or digital communications 

13. Multiplex communications 

14. Surgery 

15. Electrical computers and data processing systems 

1 6. Part of the class 520 series— synthetic resins or natural 
rubbers 

1 7. Drug, bloaffecting and body treating compositions 

18. Food or edible material: processes, compositions, and 
products 

1 9. Part of the class 520 series--synthetic resins or natural 
rubbers 

20. Compositions 



Least emphasized classes 

1 . Fishing, trapping, and vermin destroying 

2. Motor vehicles 

3. Amusement devices, games 

4. Dynamic Information storage or retrieval 

5. Photography 

8. Internal combustion engines 

7. Land vehicles 

8. Ships 

9. Amusement and exercising devices 

10. Dynamic magnetic Informatic^n storage or retrieval 

11. Typewriting machines 

12. Winding and reeling 

1 3. Machine elements and m^chanisuis 

14. Geometrical instruments 

15. Photocopying 

16. Tools 

17. Chairs and seats 

18. Dentistry 

1 9. Radiation Imagery chemistry— process, composition, or 
product 

20. Plastic article or earthenware shaping or treating: apparatus 



Note: Listing Is limited to U.S. patent office classes that received at least 200 patents, from all countries, In 1 988. Classes are listed In terms of the share of patents 
fn each class that are awarded to U.S. Inventors and owned by U.S. corporations, beginning with the class in which U.S. corporations have thegreatest. or smallest, 
share. 

See appendix table 6-7. 
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For example, the Japanese get much more than their share 
of patents in such technically and commercially important 
technologies as photocopying, dynamic information stor- 
age and retrieval dynamic magnetic information storage 
and retrieval photography, radiation imagery chemistry, 
typewriting machines, motor vehicles, internal combus- 
tion engines, and machine elements and mechanisms. All 
of these are on the Hst of technologies in which American 
corporate inventors get much less than their share; this fact 
is clearly related to the Japanese penetration of U.S. mar- 
kets in many of these areas. 

The inverse relationship between Japanese and U.S. cor- 
porate patenting can be partly explained by the fact that in 
some fields the Japanese get such a large share of the 
patents that little is left for U.S. corporations and they must 
necessarily get a small share. Thus, it is important to ask 
whether there is further evidence that U.S. corporations 
are weak in these fields. For example, if Japanese patents 



amusement devices. 

Therefore, to put the United States on the same basis as the other 
countries, text table 6-2 eliminates the patents owned by unaffiliated 
individuals and shows only patents granted to U.S. in^/entors affiliated 
with U.S. corporations. 



were eliminated, would U.S. corporations still get low 
numbers of patents in these areas? 

In photocopying, radiation imagery chemistry, and dy- 
namic magnetic information storage and retrieval — all of 
which are on the list of fields with high Japanese emphasis 
and low U.S. corporate emphasis — U.S. corporations get 
more than their share of the non-Japanese patents.^^ Thus, 
the U.S. corporations show some strength in these areas, 
though the Japanese show more. On the other hand, in 
motor vehicles, internal combustion engines, and machine 
elements and mechanisms (which are also on this list), U.S. 
corporations did not receive their share of the non-Jap- 
anese patents.^* These would appear to be definite areas of 
weakness for U.S. corporations. In dynamic information 
storage and retrieval, photography, and typewriting ma- 
chines, U.S. corporations received about their share of 
non-Japanese patents. In these three fields, U.S. corpora- 



^^In 1988, U.S. corporations received 48 percent of all non-Japanese 
patents. But they received 76 percent of non-Japanese patents in pho- 
tocopying, 61 percent of those in radiation imagery chemistry, and 60 
percent of those in dynamic magnetic information storage and retrieval. 

^*ln 1988, U.S. corporations received 26 percent of the non-Japanese 
patents in motor vehicles. 33 percent of those in internal combustion 
engines, and 40 percent of those in machine elements and mechanisms. 
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Text tablo 6-3. Patent classes most and least emphasized by Japanese Inventors patenting 

in the United States: 1988 



Most emphasized classes 



1. Photocopying 

2. Dynamic information storage or retrieval 

3. Dynamic magnetic information storage or retrieval 

4. Photography 

5. Radiation Imagery chemistry— procesSt composition, or 
product 

6. Recorders 

7. Typewriting machines 

8. Static Information storage and retrieval 

9. Pictorial communicauon; television 
10* Motor vehicles 

1 1 . Internal combustion engines 

1 2. Active solid-state devices, e.g., transistors, soiid-state diodes 

1 3. Machine elements and mechanisms 

14. Clutches and powdr-stop control 

1 5. Electricity, motive power systems 

1 6. Electrical generator or motor structure 

17. Registers 

1 8. Optics, systems and elements 

1 9. Stock material or miscellaneous articles 

20. Metal treatment 



1. Aeronautics 

2. Wells 

3. Ammunition and explosives 

4. Prothesis (i.e.. artificial body members), parts thereof or aids 
and accessories therefor 

5. Bottles ctud jars 

6. Amusement and exercising devices 

7. Fishing, trapping, and vermin destroying 

8. Static St "^turds, e.g., buildings 

9. Surgery 

10. Beds 

1 1 . Qeometric'if instruments 

12. Tools 

1 3. IHydraulic and earth engineering 

1 4. Stoves and furnaces 

1 5. Mineral oils: processes and products 

16. Cleaning and liquid contact with solids 

1 7. Special receptacle or package 

1 8. induced nuclear reaction, systems and elements 

19. Receptacles 

20. Dispensing 



Least emphasized classes 

Note: Listing Is limited to U.S. patent office classes that received at least 200 patents, from all counlries. in 1 988. Classes are listed in terms of the share of patents 
going to Japanese inventorSi beginning with the class most, or least, emphasized. 

See appendix table 6-8. 
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Hons are at a disadvantage with respect to the Japanese, 
but not with respect to other foreign patenters. 

While Japanese patenting in the United States empha- 
sizes such areas as electronics, photography and photo- 
copying, and motor vehicles, U.S. corporations emphasize 
patenting in chemical areas, including biochemistry, pe- 
troleum, and pharmaceuticals. (See text table 6-2 and ap- 
pendix table 6-7.) Other areas of emphasis are communica- 
tions and semiconductor manufacture. Wells and mineral 
oils — fields highly emphasized by Americans — are among 
those areas in which the Japanese patent the least, perhaps 
because of the lack of domestic oiiproduction in Japan. 

Over the 10-year period from 19/8 to 1988, U.S. corpora- 
tions have substantially increased ^-heir emphasis on mo- 
lecular biology and microbiology (see appendix table 6-7); 
these fields are pertinent to the biotechnology industry. 
Other large increases were in communications, mineral 
oils, and glass manufacturing. On the other hand, large 
decreases occurred in U.S. relative activity in m^otor ve- 
hicles, dynamic information storage and retrieval, photog- 
raphy, typewriting machines, and photocopying. Not only 
are these technologies strongly emphasized by Japanese 
inventors and weakly emphasized by U.S. inventors, but 
also the U.S. emphasis in these areas has been decreasing 
in comparison with other countries. In a few of these 
areas— e.g., photocopying, typewriting machines, and 



motor vehicles — Japanese inventors have significantly in- 
creased their emphasis since 1978. (See appendix table 6-8.) 

Fields Favored by Inventors in Other Countries. Data 
for West Germany, France, and the United Kingdom show 
each country's different technical emphases. For example. 
West Germany patents heavily in printing, in chemicals — 
including fertilizers and plastics — and in ammunition and 
explosives. (See appendix table 6-9.) There is low activity 
in photocopying, photography, and recorders (which are 
Japanese specialties), with an especially large drop from 
1978 to 1988 in the German emphasis on photography. 
West Germa n activity is also low in wells and mineral oils, 
which are areas emphasized by U.S. corporations. 

French patenting emphasizes nuclear technology 
(which none of the other countries does) and communica- 
tions, in addition to mechanical technologies like brakes 
and clutches. (See appendix table 6-10.) The French, like 
the Germans, also emphasize ammunition and explos^* 
which is among the least emphasized areas for the 
anese. Again like the Germans, the French do not get mv.ny 
patents in photocopying, an area of Japanese emphasis. 
Unlike the Germans, the French do not patent much in 
chemical fertilizers. 

The British emphasize hydraulic and earth engineering 
and power plants. (See appendix table 6-11.) They share 
the American emphasis on drugs, glass manufacture, and 
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; X multiplex communications, as well as the French emphasis 
on aeronautics, which is the field least emphasized by the 

- ■ Japanese, The British, like the Germans and French, patent 
a great deal in brakes and organic compounds, but not 

ui *nuch in photography. 

V Patenting in Various Industries by Inventors From 
■ Z: Diffeient Countries 

- ■; Rather than using the U.S. patent office's classification 

system, patents can also be classified according to the 
Standard Industrial Classification, which allocates patents 
4 totheappropri ce industries.^ (See appendix table 6-1 2.) 
From 1978 to 1988, the share of U.S. patents going to 
American inventors dropped from 62 to 52 percent. Except 
for a slight increase in drugs and medicines, the U.S. share 

V of patents dropped in all of the 16 SIC product fields 
shown. The drop was especially great in: 

• Office^ computing, and accounting machines — from 
64 to 44 percent; 

• Motor vehicles and other transportation equipment — 
from 63 to 43 percent; 

• Communication equipment and electronic compo- 
nents-— 64 to 48 percent; and 

• Aircraft and parts~54 to 41 percent. 

In some of these cases, the fallof f of U.S. share occurred 
i because other countries were increasing their patenting 
^ , more rapidly than the United States was. However, there 
was an actual drop in the total number of U.S. patents from 
1978 to 1988 and— more specifically— in the number of 
U.S. patents in transportation equipment excluding air* 

; craft and in aircraft and parts. 

Japan's share of U.S. patents approximately doubled in 
this period, going from 10 to 21 percent of the total. The 
Japanese share increased in each of the 16 product fields 
shown, with an especially large share increase in office, 

] ' computing, and accounting machines (rising from 15 to 40 
percent). Japanese patenting in this field nearly reached 

Sr the level of U.S. domestic patenting. Large increases in 
Japanese patenting also occurred in communication 
equipment and electronic components (from 14 to 30 per- 
cent), in textile mill producis (from 11 to 26 percent), and 

■ in motor vehicles and other transportation equipment 
^aom 1 1 to 26 percent). 

r The West German share of U.S. patents increased slight- 
ly from 1978 to 1988, with the greatest share increases in 
motor vehicles and other transportation equipment, air- 
S craft and parts, and nonelectrical machinery. Decreases in 
share occurred in drugs and medicines and textile mill 

I products. There were no substantial changes in the French 
shares of patents in various fields; however, there was a 



^Patenting in these industrial fields was estimated by means of the 
"Concordance/' a computer program maintained by the U.S. Patent atid 
Trademark Office that converts patent counts from the patent office 
classification system into patent counts in terms of the 1972 SIC system. 
Patent classes are each associated with the SIC industry that would 
produce the product or apparatus or would carry out the process steps 
associated with that class of patents. See U.S. Patent and Trademark 
Office (1985b), p. 26. 



broad decline in the shares of patents going to the United -^^ 

Kingdom. The largest share declines for the United King- : ; 

dom were in drugs and medicines, textile mill products, 

and food and kindred products. Again, some of these %' 

decreases in share are because other countries are increas- 

ing their patenting faster. Still, there were actual declines - - 

in the numbers of West German patents in textile mill 

products and in total U.K. patents, as well as in U.K. 

patents in textile mill products and food and kindred 

products. 

The trends in patenting by industry are broadly consis- 
tent with the patterns discussed earlier in narrow technol- 
ogy fields. For example, the U.S. strength in the phar- 
maceutical industry is consistent with U.S. emphasis on 
biochemical and pharmaceutical technologies. The rela- 
tive U.S. weakness in the office, computing, and account- 
ing machines industry is consistent with U.S. weakness in 
photocopying, information storage and retrieval, and 
typewriting machines. Similarly, U.S. weakness in the 
transportation industry is consistent with U.S. weakness 
in the motor vehicles and internal combustion engine 
technologies. 

Citations From Patents to Previous Patents 

One criticism of the use of patent counts as indicators of 
the amount of technical invention is that not all patents are 
equally significant. If patents could be assigned relative 
levels of technical or economic significance, it might be 
possible to interpret better the known differences between 
the numbers of patents received by different countries in 
different fields. While there is not yet a broadly accepted 
way of doing this, one attempted method of gauging the ' 
values of different patents involves interpatent citations. 

The front page of a patent document usually contains |^ 
references to previous patents. These references are sup- t 
plied by the patent examiner as part of the examination 
process. Cited patents show the "prior art," i.e., the pre- 
vious achievements in related fields of invention that were 
taken into account in judging the novelty and significance \v 
of the present invention. The patents cited in this way are ;> 
likely to be the most significant ones in a given field; v 
therefore, the number of citations a patent receives from 
the front pages of subsequent patents can serve as an 
indicator of its technical importance.^^ 

Citations to Patents, by Country. Data are available 
on the citations that the U.S. patents granted in a given vear 
receive from all subsequent U.S. patents. It is possible to 
see which countries have the patents receiving the most ■ 
and the fewest citations, and in which fields. For example, ? 
of the 10 countries that receive the most patents, Japan is . : 



^^A study of technologically important patents (those connected with 
innovations that had won the "lR-100" award from Industrial Research 
magazine) showed that, on average, such patents receive twice as many 
citations as does the average patent. This helps to confirm the validity of 
interpatent citation as an indicator of patent quality. See Carpenter, 
Narin, and Woolf (1981). In addition to these examiners' citations on the 
front of the patent document, there are also citations to earlier patents that 
the applicant provides within the document. Patents receiving high 
numbers of examiner citations also tend to receive high numbers of 
applicant citations. See Carpenter and Narin (1983). 
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the one whose patents are most often cited. (See text table 
6' 4a.) This remains true over the period from 1975 to 
1985.27 American patents are cited second most often, with 
The Netherlands, the United Kingdom, and West Ger- 
many following behind. Thus, this appears to be the order 
of technical significance of the patents granted to these 
countries,^* 



Text table 6-4 shows a sharp decline in the number of citations per 
patent from 1975 to 1980, and another from 1980 to 1985. This is because 
newer patents have had fewer years in which to be cited, not because of 
any general decline in the quality of patents. Data on citations received 
per patent are valid as of the end of 1988. Consequently, the data shown 
for 1985 arp ispecially incomplete. 

^The frequency with which a country's patents are cited is explained 
in part by the technical fields in which it receives patents. Interpatent 
citation is more frequent in some fields than in others, and countries may 
concentrate their patenting in fields where citation is more frequent or 
less frequent than the average. Correction should be made for this, since 
the fields where more interpatent citation occurs are not necessaril) fields 
where patents should be considered more valuable. 

The data on text table 6-4 can be adjusted by giving every country the 
same distribution of patents by SIC field, i.e., the distribution that applies 
to the United States. If this is done witr the 1980 data, the citation 
frequencies per patent for the different countries are as follows: 

• Japan, 3.19; 

• United States, 3.09; 

• United Kingdom, 2.76; 

• The Netherlands, 2.73; 

• Switzerland, 2.65; 

• Canada, 2.59; 

• Sweden, 2.57; 

• West Germany, 254; 

• Italy, 2.50; and 

• France, 2.46. 

Thus, differences between countries are diminished and there are some 
changes in the ranking of countries, but Japan remains first and the 
United States second. 



Citations to Patents, by Countnj and Industry. Since 
different countries attract citations in different SIC in- 
dustries, the fields in which a country's patents are more 
or less significant can be estimated.^^ The fields in which a 
country's patents are highly cited are often not the same 
as the ones in which that country receives u large share of 
patents.^ For example, patents granted to U.S. inventors 
in 1980 and 1985 are most highly cited in drugs and 
medicines and in primary metals and products.^^ While 
drugs and medicines is a field of outstanding patent ac- 
tivity by U.S. inventors, metals is not. Patents for American 
inventions receive especially few citations in engines and 
turbines, in transportation equipment, and in aircraft and 
parts,^2 Qf v^hich are also known areas of weakness in 
terms of absolute numbers of patents. On the other hand, 
fields like communication equipment and electronic com- 
ponents and office, computing, and accounting machines, 
which have dropped greatly in terms of the U.S. share of 
patents, show average rates of citation with little notable 
change from 1980 to 1985.-^ 



^he source for these data is CHI (1989). 

^Over the list of 55 SIC fields, the correlation coefficient between 
numbers of patents and citations per patent is 0.05 or less for each of the 
10 countries studied. 

^'These estimates were made by ranking each industry in terms of the 
citations per patent to U.S. inventors, divided by the citations per patent 
to all inventors. Correction is thus made for different rates of interpatent 
citation in different fields and also for the lower number of citations per 
patent in 1985 as compared with 1980. 

^^Patenting data on aircraft and parts are confounded by the difficulty 
of distinguishing aircraft inventions from those in more conventional 
transportation technologies, such as motor vehicles. See U.S. Patent and 
Trademark Office (1985b). 

^^Note again that citation data for 1985 patents are especially incom- 
plete. 



T6xt table Citations from U.S. patents to earlier U.S. patentSi by country of Inventor or sector of 

owner of cited patents 

^ a. Country of Inventor 

Year of cited United Tho United West 

P^*^"*^ States Japan Netherianas Kingdom Germany Canada France Switzerland Italy Sweden 

Citations per citable patent 

1975 3.91 4.03 3.63 3.63 3.33 3.33 3.09 2.98 2.99 3 24 

1980 3.09 3.35 2.90 2.70 2.51 2.60 2.41 2.37 2.34 2 28 

1985 1>37 1>84 1.15 1.21 1.15 1.11 1.07 1.10 1.04 1.02 

^ b . Sector of owner, for U.S. Inventor s 

All U.S. Inventors U.S. corporation s U.S. Government U.S. individuals Foreign owners 

Citations per citable patent 

1975 3,91 4.15 300 3.34 413 

1980 3.09 3.37 2.41 2.46 342 

1985 t37 1.43 1.07 1 .02 1 .44 

Noto: Numbers shown will Increase, espedaily those for more recent years, as patents continue to receive more citations. 
SOURCE: CHI (1989). 

Science & Engineering indicators-^IBaB 
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Japanese patents are especially often cited in transpor* 
tation equipment fields, as well as metal-working ma* 
chinery, nonelectrical machinery, and refrigeration ma- 
chinery. Japanese receive relatively few citations in some 
chemical-related fields, such as soaps and detergents, 
paints and varnishes, and drugs and medicines; the Jap* 
anese share of patents in these fields also tends to be low. 
On the other hand, Japanese patenting has grown sig- 
nificantly in fields like office^ computing, and accounting 
machines and communication equipment and electronic 
components. These fields are still not among those most 
frequently cited for Japanese patents, though citation to 
them is greater for 1985 cited patents than for 1980 cited 
patents.^ 

Citations to U.S.-Owned Patents, by Sector of Owner. 
The patents owned by Americans can be further divided 
according to the different classes of owners. (See text table 
6'4bd U.S. corporations own the patents that are most 
often cited, while patents owned by the U.S. Government 
or U.S. individuals are cited least of ten.^^ U.S. corpora tions^ 
in 1975 and 19S0, received patent citations as often as 
Japanese patenters. Since almost all Japanese patents filed 
in the United States are owned by corporations,^ it may be 
more appropriate to compare the citations received by 
Japanese (and other foreign) patents with those received 
by U.S. corporation-owned patents. By this measure, U.S. 
inventors did as well as Japanese inventors in 1975 and 
1980. However, the limited data available suggest that this 
may not be true for 1985.^^ (See text table 6-4.) 

Patents granted to U.S. corporations in 1985 were cited 
especially often in the fields food and kindred products 
and ordnance, excluding missiles. They were least often 
cited in railroad equipment and in motorcycles and bi* 
cycles and parts. 



^For 1980 patents, the average Japanese patent has received 1.13 times 
as many citations as the average world patent. In office, computing, and 
accou nting machines, this ratio is 1 .05, and for communication equipment 
and electronic components, it is 0.99. For 1985 patents, Japanese patents 
have risen to a citation rate 1.33 times the world average. Patents in 
communication equipment and electronic components have been cited 
1 .16 times the world average, and those in of f ice, computing, and account- 
ing machines 1.11 times the world average. Thus, these fields ha ve shared 
in the rise in citations to Japanese patents, though they still lag behind the 
average for all fields. 

^In this case also, the patents with different classes of owners have 
different distributions by technical field. (Cf. footnote 28.) The 1980 data 
have again been recalculated using the same distribution, that for the 
whole U.S., for each owner class. The result is: 

• U.S. corporations, 3.32; 

• Foreign owners but U.S. inventors, 3.25; 

• U.S. individuals, 2.62; and 

• U.S. Government, 2.55. 

This does not change the ranking of the owner classes, except in the case 
of foreign owners but U.S. inventors, which represents only a small group 
of patents. On the other hand, U.S. corporations are now ahead of 
Japanese inventoi-s for 1980 cited patents. 

^Additional data from the patent office show that, in 1987, 96 percent 
of U.S. patents granted to Japanese inventors were owned by "foreign 
corporations." Virtually all of these corporations would be Japanese. 
Another 3 percent were owned by foreign individuals, and 1 percent had 
American owners, 

^^This result is not affected by differences in the VS. and Japanese 
distributions of patents by field. 



SMALL BUSINESS IN HIGH TECHNOLOGY 

The role of small business within the science and tech- 
nology system has received greater attention as concern 
grows about the Nation's competitiveness. Small business 
is widely beUeved to be highly innovative— responsible 
for aumy of the new products ana processes introduced 
into the economy.^"* The cret^tion and growth of small 
high-tech companies are thus of particular inte rest as they 
contribute to the Nation's ability to develop, idopt, and 
diffuse new technologies. 

This section concentrates on small firms operating in 
high-technology industries. It covers indicators of the ac- 
tivities of small business in high-tech industry overall as 
well as providing more detailed information on the finan- 
cial environment for small high-tech enterprise. 

Throughout this discussion, the following terms are 
used; these follow conventions used by the U.S. Small 
Business Administration (SBA): 

• Establishment or company-^a business entity that may 
or may not be part of a larger complex. 

• Firm or enterprise--ax\ establishment that is either a 
single location with no subsidiary or branches, or the 
topmost parent of a group of establishments. 

• Small business — firm with less than 500 employees 
(those with 500 or more employees are described as 
medium or large). 

The definition of high-tech firms is more complex. For 
this analysis, those industries identified by the Depart- 
ment of Commerce's DOC-3 definition as manufacturing 
high-tech products are used. By this definition, a high-tech 
industry must produce products ^at have an R&D inten- 
sity significantly higher than that of other products. R&D 
intensity is arrived at with the help of an input-output 
table that includes both the direct and indirect R&D 
expenditures attributed to a product ab a percentage of net 
sales.^^ 

Characteristics of Small High-Tech Enterprises 

Small businesses account for 99 percent of all estab- 
lishments operating in the United States.^ Although small 
businesses operating in the high-tech fields comprise a 
smaller share of the total than they do in the economy as a 
whole, they still represent almost 89 percent of ail high- 
tech establishments.'^^ 



^In a 1982 study done for the U.S. Small Business Administration 
comparing innovation between small and large firms, it was found that 
small firms produced 2.4 times as many innovations as large firms per 
employee, ^e Futures Ciroup (1984); Hanson, Stein, and Moore (1984), 
pp. 105-28; and US. SBA (1988), pp. vii-ix. 

^''Indirect R&D expenditures describe the R&D content of input prod- 
ucts. For additional information on DOC-3, see U.S. DOC (1983), pp. 
33-37. See also the discussion in chapter 7 for a list of industries included 
inD(X:-3. 

^°See Social & Scientific Systems, Inc. (1989). 

^^It is not surprising that small business accounts for a larger share of 
operating establishments in the rest of the economy than in the high-tech 
sector. Ti^e identification of high-technology indu.stries is based on re* 
ported R&D expenditures. Such expenditures are not commonplace in 
many of the service industries that make up much of U.S. small business 
(e.g., restaurtints, service stations, grocery stores, tnedical services, etc.). 
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Dhtrihutioft of Companies by Field. A data base of 
high-technology companies, the Corporate Te'.-hnoiogy 
(CorpTech) hiformation Services, Inc., database provides 
additional information about small businesst-a currently 
active in high-tech fields." Companies involved in com- 
puter software activities and high-tech service companies 
each account for 17 percent of the companies in the data 
base. (See appendix table 6-13.) The next most active field, 
vsubassemblies and components, accounted tor 10 percent 
of all companies. Small businesses represented: 

• 98 percent of the firms active in the computer software 
field, 

• 97 percent of firms active in the photonics and optics 
field, and 

• 96 percent of high-tech service firms and tests and 
measurements firms. 

In fact, in 12 of the 17 high-tech fields categorized in the 
CorpTech data base, small businesses accounted for at 
least 90 percent of the total active firms within each 
category. Clearly, small business drives U.S. activity in 
high-technology areas. 

Distribution of Companies by State. Of the 50 states, 
California can claim the greatest number of small high- 
tech firms— 23 percent. Massachusetts (9 percent). New 
York (7 percent). New Jersey (5 percent), and Texas (5 
percent) also can boast large concentrations of high-tech- 
nology businesses. (See figure 6-6 and appendix table 6- 



"Thc CorpTech dntn base attempts to be all-inclusive, but— by 
CorpTech's own estimate— includes only about 50 percent of the total. 
When prospective companies are identified, they are sent questionnaires 
covering their size, status (private or public, independent, subsidiary, or 
joint venture), year formed, and product groups in which they are active. 
The version of the data base used in this report (version 3.3, March 1989) 
includes over 30,000 companies. 

Figure 6-6. 

Small firms active In high tschnplogy, by state 
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Note: None of the "other states" exceeds 3 percent, 

See appendix table 6-14. SdencoiEnglnoeringlndicstofs—mQ 



14.) While California and Ma-jsachusetts spawn many new 
high-tech companies, the data sug[',est that as these com- 
panies grow larger, many merge or are bought out by large 
firms located outside of those two states. New York, Penn- 
sylvania, Illinois, and Ohio have a higher concentration of 
large high-tech firms than small; the opposite is true for 
California and Massachusetts. 

Company Earnings and Ownership. Over 40 percent of 
the small high-tech companies in the CorpTech data base 
have earnings under $2.5 million. ALnost 80 percent earn 
under $25 miUion. (See apfjendix table 6-15.) 

In this data base, approximately 1 1 percent of the high- 
technology companies operating in the United States are 
under foreign ownership. (See appendix table 6-16.) The 
United Kingdom has, by far, the largest U.S. pres3nce, 
followed by Japan and West Germany, which have aii 
almost equal number of companies under their ownership. 



Performance of High-Technology Small 
Business Establishments 

An examination of small companies formed and shut 
down within industries can giva some indication of areas 
of growth—as well as areas 01 concern—within the U.S. 
economy. Taken one step farther, such a comparative 
analysis within high-technology fields can highlight in- 
dustries that may need greater attention by policymakers. 

Small business estr blishments operating in high-tech 
fields prospered better than other small businesses during 
1981-86. The high-technology community had a net gain 
of close to 30,000 establishments during that 6-year period, 
made possible by a formation/closure rate exceeding 2 to 
1 . Some 339,000 small business establishments were added 
in other areas of business, but these gains were realized in 
a far less successful environment; this was evidenced by a 
formation/closure rate of 1.2 to 1. (See figure 6-7 and ap- 
pendix table 6-17.) 

A larger number of technology-related service estab- 
lishments were formed during 1981-86 than high-tech 
manufacturing establishments, but the number of closures 
was not proportionate. This is in part explained by the 
lower start-up capital generally needed by service busi- 
nesses; this permits a greater number of formations and 
greater longevity due to the lower debt burden. Service 
coinpanies' major investment is usu.Uly in human capital 
which is more adaptable to the unforeseen tuning often 
required once the market is entered.*'' 

During 1981-86, the greatest number of new small man- 
ufacturing establishments were created in the commur.ica- 
tion equipment and electronic component industries, fol- 
lowed by the industries involving professional and 
scientific instalments. Computer and data processing 
companies comprised over one-half of all technology-re- 
lated service firms formed during the 6-year period ex- 
amined. 

Another useful indicator of the level of activity in an 
economic sector is employment. In 1986, small high-tech 



*Yor a general discussionof the growth of S/E employment in services 
and manufacturing sectors, see chapter 3. 
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manufacturing establishments employed more than 
739,000 people, up 23 percent from about 600,000 in 1980. 
(See appendix table 6-18.) 

In three technology-related service industries (compu- 
ter and data processing services; engineering, architectur- 
al, and surveying services; and noncommercial educa- 
tional scientific, and research organizations), 782,000 
people were employed by small business establishments 
in 1986, compared to 544,000 in 1980~an increase of 44 
percent. Employment at technology-related service com- 
panies grew faster than in high-tech manufacturing 
companies: this is more a function of the new service 
establishments formed during this time than expansion at 
existing establishments. 

A comparison of the gains in employment made in 
high-tech industries relative to the rest of the economy 
provides some perspective on their success, (See appendix 
tables 6-18 and 6-19.) Employment in the technology-re- 
lated industries overall was 28 percent higher in 1986 than 
in 1980, while total private sector employment grew by 
about 1 1 percent. Concurrently, employment in small bus- 
iness establishments in the technology-related industries 
grew by 33 percent, while employment in all small busi- 
nesses grew by 11 percent. The average annual rate of 
growth in high-tech small business employment during 
1980-86 is more than twice the rate of growth in small 
business employment in the entire U.S. economy. 

Despite the gains in numbers employed by small high- 
tech companies, these companies still account for a sub- 
stantially lower share of total high-tech employment than 
is accounted for by small businesses in the U.S. economy 
as a whole. In 1986, small business establishments ac- 
counted for 35 percent of all employment in manufactur- 
ing industry in the United States,^ and about 50 percent of 
employment in the private sector as a whole. Small high- 
tech establishments employed 1 7 percent of total high-tech 
manufacturing employment and 26 percent of employ- 



*^U.^i.SBA(1988), p. 62. 



ment at all technology-related establishments during that 
year. 

However, an examination of the new companies formed 
during 1980-86 suggests that this could change. For each 
new technology-related small business establishment 
formed during this period, another eight workers (on av- 
erage) were employed — compared with seven workers at 
all other small businesses. Even more encouraging for 
proponents of high-tech business development is that each 
new high-tech manufacturing small business establish- 
ment added 16 workers on average. The net gain (forma- 
tions minus closures) in high-technology manufacturing 
estabhshments numbered over 6,000 workers, with an 
average employment of 15. 

The apparent vitality of the small high-tech business 
sector is evei\ more striking when it is considered that 
some of the businesses that were counted as high-tech 
small business establishments in 1980 were counted as 
large businesses by 1986, due to either their growth or their 
merger with or purchase by other firms. By 1986, 1,195 
establishments in the technology-related industries— for- 
merly counted as sn^all businesses in 1980— lost that status 
either because of internal growth or because merger and 
acquisition activity had made them parts of larger en- 
terprises. (See appendix table 6-20.) These establishments 
represent approximately 3 percent of the small establish- 
ments that were still operating in technology-related fields 
in 1986* When viewed against the experience of non-high- 
tech establishments during 1980-86, small firm estabhsh- 
ments in high-tech industries grew out of the small busi- 
ness classification at close to twice the rate of like-sized 
businesses operating in non-high-tech industries. 

The tendency fov small high-technology businesses to 
become medium or large varies considerably among in- 
dustries. High-technology manufacturing establishments 
were more likely to grow or merge into large businesses 
than establishments performing high-tech services; these 
manufacturing establishments accounted for 55 percent of 
all technology-related establishments that changed size 
status, but 67 percent of the gain in employment. 

Manufacturing companies that operate in the commun- 
ication equipment and electronic components industries 
showed the strongest tendency to leave the small business 
classification, followed by those companies producing 
professional and scientific instruments and office, com- 
puting, and accounting machines. 

Computer and data processing service companies 
showed a surprising movement out of the small business 
category, accounting for 289 of the 540 technology-related 
service companies that expanded and over 23 percent of 
the employment gains. Technology-related service com- 
panies tend to behave like manufacturing companies as 
they achieve long-term success, they expand and solidify 
their presence through expansion and merger. 

Consequently, if those companies that grew out of the 
small business classification were included in the exam- 
ination of the employment gains by high-tech small busi- 
ness establishments during 1980-86, it would show even 
greater success. 
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Venture Capital and High Technology Enterprise 

The growth of small businesses and the introduction of 
new products require access to pools of capital. Compared 
to larger firms, small businesses— particularly new firms 
that seek to develop and exploit a new technology— are 
handicapped by lack of a financial track record and by 
narrowness of business activities. These factors combine 
to make it difficult for a firm to secure traditional financial 
support, i.e., obtain bank loans or sell equity in the stock 
markets. In the United States, the need for financing for 
small innovative firms has been at least partially met by a 
variety of funding mechanisms. These include an active 
venture capital industry (described below), small-equity 
markets— such as the NASDAQ listings and markets 
made by individual stock brokerages— and other financ- 
ing systems, such as personal funds, funds from wealthy 
families and individuals, and trust funds. 

Venture capitalists make investments in small and young 
rapidly growing companies that may not have access to 
public or credit-oriented institutional funding. Their in- 
vestments may be divided into two classes:^ 

1, Early stage investments support the entrepreneur or 
inventor up through initial commercial manufactur- 
ing and sales. 

2. later stage financing supports firms that are produc- 
ing and shipping, but are not yet able to finance 
substantial expansions and investments in plant. 
Later stage financing is typically geared toward the 
sale of stock to the public, known as the initial public 
offering (IPO). 

Most venture capital investments are equity-related, 
either through direct purchase of stock or through options 
and other equity-related arrangements. These mvestments 
usually emphasize long-term (5- to 10-year) opportunities, 
and involve the investors closely with the operations of the 
capital recipient, frequently through participation on the 
board of directors. 

The pool of capital managed by venture capital firms 
grew dramatically during the 1978-87 period as venture 
capital emerged as a strong source of finance for small 
innovative firms. (See figure 6-8 and appendix table 6-21.) 
In 1987, capital managed by venture capital firms totaled 
$29 billion; this was eight times the amount available in 
1978. During 1983, the total pool of capital grew by 59 
percent as a result of a sharp increase in net new private 
capital commitments. The next 4 years followed the lead 
set in 19vS3 and the momentum of the Nation's economic 
recovery. Frc n 1982 to 1987, the pool grew at more than 
twice the average annual rate of the previous 4 years. 

Faced with declining rates of return in the more tradi- 
tional investment instruments, pension funds looked to 
the equity markets for better earning potential and became 
the source of much of the new venture capital resources.*** 
Pension-sourced money committed to venture capital 



*'The definitions and discussion used here arc based on Venture Eco- 
nomics, Inc. (1988). 
**See U.S. DOC (1988), p. 54-3. 
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firms grew at a compound annual rate of 64 percent during 
1978-86. During the period 1984-8u when foreigners, cor- 
porations, and insurance companies reduced funds 
directed to venture capital firms, pension funds increased 
theirs at an average annual rate of 24 percent. 

During the last 5 years studied, new capital commit- 
ments exceeded disbursements by the venture capital in- 
dustry, even when debt financing and leveraged buyout 
financing are taken into account. Thus, there is apparently 
a surplus of venture funds seeking outlets in new or ex- 
panding innovative firms. But the venture capital industry 
is highly sensitive to changes in both the economy and the 
political environment (e.g., treatment of long-term capital 
gains). For example, if data were available on a quarterly 
basis, there would most likely be a sharp decline during 
the fourth quarter of 1987 and during 1988 following the 
market crash on October 19, 1987. 

Throughout the period 1984-87, firms producing com- 
puter and computer-related products received the larg- 
est—albeit declining— share of both early and later stage 
investments. Other industries that received substantial 
venture capital investments were the communications in- 
dustries and those producing electronic components and 
other electronic products (including instruments). 

IPOs are another indicator of new firms' financial de- 
velopment. At this stage, a firm is presumably well enough 
established — either through access to superior technology 
or through actual production and sales capability— that it 
can raise money through the stock market. Funds raised in 
this manner increased erratically during the 1984-87 per- 
iod. (See appendix table 6-23.) IPOs generated $478 million 
for small firms in 1984 and $345 million in 1985; they then 
jumped to $1 .4 billion in 1986 before dropping back to $1.2 
bUlion in 1987. 

High-tech industries met with varying degrees of suc- 
cess with IPOs. The computer and computer-related in- 
dustry received the bulk of such investment reported in 
1984—54 percent of all venture-backed IPOs generated by 
small businesses. Its share has declined steadily since then, 
however, accounting for 25 percent in 1987. During 1987, 
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commercial communications^ telephone, and data com- 
.munication firms were able to attract almost four times the 
dollars raised the previous year. The ''information boom" 
continues to provide an incentive for investment in fii ms 
specializing in products that facilitate the compilation and 
transfer of data. 

Small Business and Biotechnology 

The biotechnology industry is a particularly good ve- 
hicle for analyzing small business in the S&T system. It is 
an industry that has a large science component, using 
techniques such as recombinant DNA and hybridomas 
that are the continuing subject of intensive work in univer- 
sity and private basic research laboratories. Also, it is an 
industry that—considering its small size—performs a sig- 
nificant and increasing amount of R&D, employing thou- 
sands of scientists and engineers.^^ 

According to the CorpTech data base, there were 717 
companies and 438 independent firms active*^ in the var- 
ious fields of biotechnology during 1988; of these, 414 
would be classified as ''small business" using the SBA 
criterion, The vast majority of the small companies active 
in biotechnology are privately held businesses* More than 
half of the companies are involved in either genetic en- 
gineering and /or producing equipment for the biotech 
industry. Before 1980, only 371 biotech companies were 
formed in the United States--346 have been formed since 
then. 

Small biotechnology companies sometimes look to R&D 
contracts for revenues and leave the larger firms respon- 
sible for bringing the products that evolve to market. For 
example, small companies have contributed significantly 
in the development of recombinant DNA drugs, but have 
most often sold the rights to these products to large firms 
that have the internal structures in place to bring the 
product successfully to the marketplace.^' 

While revenues have climbed dramatically over the last 
few years (from $60 million in 1984 to $500 million in 1987), 
earnings of billions of dollars are often projected for the 
early 1990s. With the aging of the populace and the pro- 
liferation of the AIDS virus, health care is touted as the 



field from which biotechnology will derive its greatest 
revenues over the next couple of years."^ 

Biotechnology (including recombinant DNA, mono- 
clonal antibodies and hybridomas, and other genetic en- 
gineering) has received small, but increasing, amounts of 
venture capital during the years for which data are avail- 
able, receiving about $63 rnillion in early and later stage 
investment in 1984 and $206 million in 1987. In 1986, there 
was a surge of venture-backed IPOs by biotechnology 
firms, with almost $270 million raised, or 19 percent of the 
total capital raised in this fashion. In 1987, however, finan- 
cial resources raised through IPOs by biotechnology firms 
were cut in half. Firms in most other high-tech fields fared 
better. (See appendix tables 6-22 and 6-23.) The erratic 
experience with IPOs is a reflection of the rollercoaster 
expectations that the marketplace has ascribed to the bio- 
technology industry. 

The 3 years following 1985 have shown a steady decline 
in new biotech companies, Whereas some of the decline 
can be attributed as a correction to the past surge in 
growth, the industry is facing some difficult problems that 
are also contributing to the slowdown. 

The projected market values of biotechnology break- 
throughs have fallen short of expectations as the reality of 
bringing the new products to market encounters cost- 
adding and time-consuming hurdles such as protracted 
periods of testing and government scrutiny that can delay 
market entry. Patent infringements — especially foreign 
violations— are becoming more commonplace^^ and are 
siphoning off revenues that could support growth and 
new research in the industry. 

The biotechnology industry provides a microeconomic 
perspective of small business that has its origin in, and 
whose continued existence is dependent upon, new sci- 
ence and technology. It is an industry whose products 
have generated a great deal of interest and controversy in 
many sectors of society. As the industry matures, it will be 
interesting to observe whether small companies can con- 
tinue to prosper in a business environment that is certain 
to become more litigious and, consequently, more cau- 
tious about the industry's outputs. 



*^R&D performed at flnns active in biotechnology incnjased by over 50 
percent during 1984-87, reaching an esitimated $1.4 billion in 1987. See 
NSF (1988b). 

^^"Activity" means either production, sales, or R&D activity in the 
fields defined by the data base as biotechnology. 
^•^US. DOC (1988), pp. 22-4 to 22-8. 



^Ibid. 

'^See Clemens and Boroughs (1988). 
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The Global Markets for U.S. Technology 



HIGHLIGHTS 



• During the period 1970-86, the United States was consistent- 
ly the leadin}^ supplier of high-technologij products in the 
global marketplace. But its lead position declined from a 
51-percent share held in 1970 to its 42-percent share in 
1986. Japan doubled its global market share during this 
period, rising from 16 percent in 1970 to 32 percent in 
1986. (See p. 150.) 

• The United States is the world's largest market for high-tech- 
nologygoods,consumingalmosthalfofthehigh-techproducts 
sold globally. While U.S. producers were the dominant 
suppliers to the domestic market during 1970-86, they 
gradually and consistently lost market share to foreign 
producers. (See p. 151.) 

• The United States exports a far lower share of its high-tech- 
nology products (15 percent of its high-tech production in 
1 986) than do other industrialized countries (West Germany, 
61 percent; United Kingdom, 54 percent; France, 38 percent; 
and Japan, 22 percent). Still, the United States was the 
world's leading exporter of high-tech products until 
1986, when it was overtaken by Japan. (See p. 152.) 

• The U.S. trade surplus in high-tech goods declined steadily 
during the 1980s, and suffered its first trade deficit in 1986. 



In 1987, the United States once again registered a small 
trade surplus in high-technoloj^y goods, with U.S. ex- 
ports of aircraft and related parts leading the way. (See 
p. 153.) ^ 

• U.S. high-technology manufacturing firms maintain a sig- 
nificantly higher portion of their assets in foreign affiliates (42 
percent of total assets) than do other U.S. manufacturers (30 
percent). U.S. manufacturers' foreign affiliates are con- 
centrated in Europe. In addition to equity investments 
in foreign affiliates, U.S. high-tech multinationals enter 
into agreements with foreign firms to have them supply 
parts and components to support production oppor- 
tunities back in the United States. Data on this aspect 
however, remain anecdotal. (See p. 155.) 

• The United States licenses considerably more technological 
know-how to foreign firms than it buys. U.S. receipts from 
the sale of patent licenses to foreigners have been, on 
average, four times that paid out by U.S. firms for access 
to foreign technological know-how. Japan is by far the 
largest customer, accounting for 41 percent of such U.S. 
revenues in 1987. (See p. 156.) 



The global marketplace can be considered the commer- 
cial proving ground for a country's science and technology 
(S&T). It is in thu marketplace that technological advances 
in the form of new products or processes are evaluated. 

A major share of the U.S. research and development 
(R&D) effort is accounted for by private firms using pri- 
vate fimds. The presumed goal of these investments in 
S&T is to develop a technological advantage that can be 
exploited profitably. Research and development are ex- 
pensive activities that require firms to commit substantial 
resources over extended periods of time and to assume the 
risk should these investments not prove profitable. Private 
R&D investment, which accounts for about one-half of 
total U.S. R&D, is ultimately judged by the successes and 
failures of its outputs— new products and processes. 

Private financing of the innovation process depends on 
firms' access to markets and on their expected success in 
earning sufficient returns on R&D investments to justify 
further investment in R&D. Well-functioning markets pro- 
vide the monetary rewards for "good science and engi- 
neering" when these efforts lead io technology that is 
accepted in the marketplace. 



U.S. competitiveness in the global marketplace engen- 
ders the widespread concern regarding the ability of U.S. 
producers both to export and compete against imports in 
their home market. The U.S. S&T system plays an impor- 
tant role in U.S. competitiveness.' Skilled and timely ex- 
ploitation of emerging technological possibilities clearly 
contributes to the Nation's competitiveness by generating 
lower costsand new and better quality products. Examina- 
tion of U.S. firms' performance in the global marketplace 
provides useful indicators to identify strengths and weak- 
nesses in the Nation's S&T system. 

This chapter brings together several data sets describing 
the domestic and foreign markets for U.S. technology so 
as to examine the activities of U.S. firms in the global 
marketplace — particularly in high-technology areas — and 
thereby assess the relative strength of U.S. industry in 
global competition. 

' Milbcrg {1988) .irgucs tluU cin industry's innov.itivcness is dependent 
iipim pri)j?ressiveR&DexpcndiHircs,nnd that such expenditures should 
be considered a nocessory invoslment to support its position in the global 
ni.irkctplace. 
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COMPETITIVENESS IN THE MARKETPLACE 

The large U.S. trade deficits of recent years have focused 
attention upon the country's international economic com- 
petitiveness. In 1986; for the first time ever, the U.S. balance 
^ of trade in high-tech goods was negative, prompting in- 
; creased concern about the role of science and technology 
in supporting and restoring U.S. leadership in tlie global 
; marketplace. 

The relationship between S&T and market competitive- 
mess is circular: science and technology support U.S. com- 
petitiveness in the national and international trading sys*- 
tem, and commercial success in the global marketplace 
provides resources to help support new science and tech- 
nology.^ The contribution of research and development 
and other science and engineering (S/E) activities to the 
Nation's economic performance is therefore indirectly 
measured by its success in the global marketplace. 

This section discusses "competitiveness/' broadly de- 
fined as the ability of U.S. firms tu sell products in the 
global market. The analysis draws heavily on data com- 

EUed by the Organisation for Economic Co-operation and 
>evelopment (OECD) and the U.S. Department of Com- 
merce (DOC). OECD compiles data from 25 advanced 
industrialized countries including the United States, Ja- 
pan, and the European Community.^ These data are pre- 
sented for all manufactured goods and high-tech prod- 
ucts.*' 5 

Researchers have used several methods to identify in- 
dividual industries or product groups as ''research in- 
tensive" or "high technology." These methods usually 
employ some measure of the R&D effort undertaken in the 
industry or product group, normalized for industry size.^ 



^Dornbusch, Porteba, and Summers (1988) describe a higher propensity 
by manufacturing firms to invest in research and development than firms 
mother sectors of the U.S. economy. They point out that "manufacturing 
companies invest 90 times as large a share of their value added in R&D 
as do companies in other sectors." 

^e 25 countries reporting to OECD are: Australia, Austria, Bel- 
gium/Luxembourg, Canada, Denmark, Finland, France, Greece, Iceland, 
Ireland, Italy, Japan, The Netherlands, New Zealand, Norway, Portugal, 
Spain, Sweden, Switzerland, Turkey, the United Kingdom, the United 
Stales, West Germany, and Yugoslavia (Yugoslavia participates in OECD 
with a special status). 

^The OECD data are expressed in current U.S. dollars at official ex- 
change rates. Fluctuations in the currency exchange rate and differences 
in the price levels between each country and the United States can distort 
cross-country, time-series comparisons for products isolated from for- 
eign competition. 

Most manufactured products of the United States and the other OECD 
countries are exposed to foreign competition in their home markets as 
well as in foreign markets, thereby reducing the effect currency fluctua- 
tions will have on measurement of trade flows. Furthermore, in the 
following discussion, care has been taken to minimize any distortions 
caused by the terms of value used. Where distortions cannot be avoided, 
trends are appropriately qualified. 

*Data used in this chapter are compiled by government agencies and 
international organizations. These data benefit from ongoing effort;; by 
the collectors to employ uniform definitions and standards. To account 
for any remaining slight differences among countries' definitions, con- 
cepts, and data collection and reporting practices, attention here is pri- 
marily on trends and significant fluctuations in data levels. 

*R&D expenditures as a percentage of total sales, and scientists and 
engineers employed in R&D as a percentage of total employment, arc two 
prominent examples of this approach, ^e Boretsky (1982) and Kelly 
(1976). 



In some industries, however, the relevant R&D is per- 
formed internally; in others, firms depend upon the in- 
novations of those upstream suppliers that provide input 
to their production processes. 

Both OECD and DOC identify high-tech products as 
those that have higher ratios of R&D expenditures to 
shipments than do other product groups. The OECD clas- 
sification used in this analysis is called ''high intensity 
technology products''; it relies on directly applied R&D 
expenditures in its calculation and includes those products 
v^ith above average R&D intensities. Direct R&D expendi- 
tures are those made by the firms in the product group. 
High-technology industries identified by OECD's defini- 
tion—and their respective international standard indus- 
trial classification (ISIC) codes— are: 

• Drugs and medicines (ISIC 3522); 

• Office machinery, computers (ISIC 3825); 

• Electrical machinery (ISIC 383 less 3832); 

• Electronic components (ISIC 3832); 

• Aerospace (ISIC 3845); and 

• Scientific instruments (ISIC 385). 

The Department of Commerce definition, also used in 
this analysis, identifies high-tech products as those prod- 
ucts that have significantly higher ratios of direct and 
indirect R&D expenditures to shipments than do other 
product groups, Indirect R&D describes the R&D content 
of input products. 

To address this complicated technological structure, 
DOC uses an input-output table to allocate the applied 
research and development expenditures of intermediate- 
goods producers among the final-goods producers. This 
allocation, when normalized by shipments, permits iden- 
tification of those groups of products whose total R&D 
intensity is significantly higher than that of other products. 
These product groups are known collectively as the DOC- 
3 high-technology products.'' DOC-3 industries, and their 
respective Standard Industrial Classification (SIC) codes, 
are: 

• Guided missiles and spacecraft (SIC 376); 

• Communication equipment and electronic compo- 
neMs (SIC 365-367); 

• Aircraft and parts (SIC 372); 

• Office, computing, and accounting machines (SIC 
357); 

• Ordnance and accessories (SIC 348); 

• Drugs and medicines (SIC 283); 

• Industrial inorganic chemicals (SIC 281); 

• Professional and scientific instruments (SIC 38 ex- 
cluding 3825); 

• Engines, turbines, and parts (SIC 351); and 

• Plastic materials and synthetic resins, rubber, and 
fibers (SIC 282). 



^See Davis (19H2), 
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Figure 7-1. 

Honw markets of major industtallzad countries as a 
percentage of the global market for high-tech 
products: 1986 
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Comparisons of U.S. production data for "high intensity 
technology products''— as reported to OECI>--with U.S. 
total shipment data for "high-technology'' products— as 
reported to the Department of Commerce according to the 
DOC-3 definition— show that OECD data represented 96 
percent and 100 percent of DOC-3 data in 1980 and 1986, 
respectively. 

The Global Market for High-Technology Products 

The U.S. home market is the largest market for high-tech 
goods in the world. (See figure 7*1.) Consequently, an 
assessment of U.S. competitiveness in high-tech goodr, 
cannot be evaluated by our trade competitiveness — i.e., 
a comparison of our exports with our imports — ^alone. 
Rather, we must examine the country's ability to sell high- 
tech products globally and domestically. 

The global market for high-tech products is growing at 
a slightly faster rate than the market for other manufac- 
tured goods. (See appendix tables 7-1 and 7-3.) During the 
1970s, high-tech products represented approximately 12 
percent of global production of all manufactured goods.^ 
During the 1980s, the global market for high-technology 
goods increased faster than the global market for other 
manufactured goods, and accounted for 16 percent of total 
production by 1986. 



**Production data, compiled by OECD, are used in lieu of shipment dnta 
to estimate the global market for high-tech and other manufactured 
products. OECD does not collect data on either shipments or changes in 
inventories; if inventory data wore available, shipment data could be 
calculated from production data. Production data provide a reasonable 
approximation of worldwide activity, especially for trend analysts. 



Over the period examined, 1970-86, the United States 
clearly reigned as the leading producer of high-tech prod- 
ucts, although its position was being challenged. EXiring 
the 1970s, U.S. global market share declined as Japan, West 
Germany, and France each increased their production of 
high-technology products at a faster rate than did the 
United States. After 1980, the U.S. shc.re increased and— by 
1985— approached its previously held level In 1986, how- 
ever, U.S. market share fell once again, losing to Japan and 
West Germany.^ (See figure 0-22.) 

Japan's global market share, by contrast, increcised dur- 
ing 1970-86 — rising from a 16-percent global market share 
in 1970 to 32 percent by 1986. European producers' global 
share declined steadily over the period, dropping from a 
peak of 36 percent in 1975 to a low of 21 percent in 1985. 
West Germany led European producers in 1986 with a 
7-percent market share, compared with 5-percent shares 
for France and the United Kingdom.^^ (See figure 7-2 and 
appendix table 7-1.) 

As would be expected of major industrialized econo- 
mies, the U.S., Japan, and Europe have increasingly moved 
productive resources toward the manufacture of more 
sophisticated, higher value, technology-related goods and 
away from more labor intensive products. In 1986, the 
value of U.S. high-tech products represented 17 percent of 
total production, up from 13 percent in 1^75; high-tech 
products accounted for 13 percent of Europe's total pro- 
duction in 1986, compared with 10 percent in 1975. (See 
appendix table 7-3.) But it was Japan thatmade the greatest 



^The fall in the U.S. dollar vis-i^-vis I'he currencies of the other major 
industrialized countries exaggerates this fall somewhat. 

'^Fluctuations in price levels and exchange rates affect these year-to* 
year comparisons. If these data could be adjusted to correct for such 
fluctuations, the relative positions of the United States and Japan would 
not change, whereas the individual positions of the European countries 
might realign somewhat. Japan's and West Germany's production are 
probably overstated to some degree and France's and the United King- 
dom's production are probably understated. (See appendix table 7-2.) 

Figure 7-2. 

Global market shares for manufactured 
products: 1986 

(Percent) 
5u 




Total 



Non-high-iechnotogy 



Hiaivtdchnology 



Notd: Production am complldd by OECO aro used to estimate the global 
market for manufactured products. 
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transitional leap foward in this respect, pulling even with 
the U.S, in 1982 and surpassing it thereafter. 



The US. Market for High-Technology Products 

A country's home market is often thought of as the 
natural destination for its manufactured output. For ob- 
vious reasons, marketing at home is easier than marketing 
abroad— -e.g., proximity to the customer, common lan- 
guage, customs, and currency—and other advantages. 

But in today's global marketplace, the most competitive 
product — almost regardless of its origin — wins the sale. 
Wheiii many sellers exist, the most competitive product is 
determined by its price, quality, and ability to satisfy the 
customer's needs. Buyers of most goods— but especially of 
high-technology goods— may weigh these factors differ- 
ently, but ultimately will choose based on consideration of 
these elements. Thus, in the absence of prohibitive trade 
barriers, a country's home market is not a private domain 
for its native producers, and therefore needs to be included 
in the equation when examining global competitiveness. 

Comparison With Other Markets. As stated earlier, 
the U.S. market is the single largest market for the world's 
production of high-tech goods. (See appendix table 7-4.) 
The U.S. market purchased over half of global production 
in 1970, with Japan— a distant second — consuming 15 per- 
cent. During the 1970s, Dther countries' home markets 
grew faster than that of the United States, especially mar- 
kets in Japan and France: U.S. consumption fell to 41 
percent of worldwide consumption . while Japan's market 
represented almost 20 percent and France as high as 9 
percent. 

But the 1980s brought with it a realization that U.S. 
competitiveness in the global market was eroding. One 
reason for this was deficient manufacturing systems. In 
response, U.S. industry began to retool its factories and 
mechanize many tasks formerly done manually. Subse- 
quently, the 1980s saw a resurgence in consumption of 
high-tech goods in the United States. During 1980-85, the 
U.S. market for high-technology products increased 
sharply, which left the relative size of other developed 
countries' markets to decline in comparison or — ^as in Ja- 
pan — fluctuate downward. 

U.S. Market U.S. producers of high-tech products 
benefitted from having their home market grow at such a 
pace; shipments within the United States increased over 
50 percent during 1980-86. But imports were attracted as 
well and, encouraged by a strong U.S. dollar, stn* plied an 
increasing share of total U.S. high-technology purchases. 
(See figure 7-3 and appendix table 7-6 ) 

Imports supplied about 12 percent of U.S. purchases of 
high-tech products in 1980, rising steadily to 18 percent in 
1986. During 198^-86 Japan increased its U.S. market share 
faster than other suppliers, ultimately doubling its posi- 
tion in the U.S. market for high-technology products. In 
1980, U.S. purchases of Japanese high-tech products rep- 
resented 3.3 percent of total U.S. consumption; by 1986, 
this had jumped to 7.1 percent. 

European suppliers also increased market share curing 
the 1980s, though they were far less successful than Japan. 



Figure 7-3. 

imports of htgh-tech products as a percentage 
of theUS. market: 1980^86 
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The East Asian newly industrialized countries (NIC)— 
which include Hong Kong, Singapore, South Korea, and 
Taiwan—increased their presence in the U.S. market as 
well, supplying 3.3 percent of U.S. consumption of high- 
tech products in 1986, up from 2.0 percent in 1980. 

A more detailed examination of the U.S. high-techno^ 
ogy product market shows foreign pioducers gaining 
market share in all sectors. (See figure 7-4 and appendix 
table 7-7.) By 1986, foreign producers supplied over 20 
percent of U.S. consumption of computer products and 
electronic components. Of all the high-tech sectors, the 
aerospace industiy experienced the greatest rate of in- 
crease in foreign competition in the U.S. market as imports' 
U.S. market share rose from under 2 percent in 1970 to 11 
percent in 1986. 

Other Countries' Home Markets. The U.S. market is 
not alone in its increased reliance on foreign technologies. 
From 1970 to 1986, while European producers of high-tech 
products steadily hicreased their shipments to their re- 
spective home markets, they still consistently lost market 
share to foreign suppliers. (See appendix ^able 7-5.) In fact, 
European producers' lost home market she re was far more 
dramatic than that experienced by th^ united States. (See 
figure 7-5.) For example, in 1970, the United Kingdom's 
producers supplied 83 percent of their home market for 
high-technology products; by 1986, they supplied only 46 
percent. West German producers' share of their high-tech 
market was 77 percent; this dropped to 45 percent by 1 986. 
French high-technology prodticers fared better, but also 
lost market share to foreign producers as their share de- 
clined fron 77 percent in 1970 to 62 percent in 1986. 

Of the major industrialized countries, only Japan's pro- 
ducers were able to hold domestic market share. In a 
market that experienced substantial growth during 1970- 
86, Japanese producers of high-tech products increased 
shipments to their home market accordingly and thereby 
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Figure 7-4. 

Import penetration of certain U.S. hlgh^^tech markets: 1970» 1980» and 1986 
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maintained market share of 93 percent to 95 percent 
throughout the 16-year period. 

Summary. The U.S. home market has shown consider- 
able growth during the 1980s and has attracted increasing 
amounts of the world's production of high-tech goods- 
including that of U.S. manufacturers. The data appear to 
support the notion that the United States is a highly attrac- 
tive market for the world's producers of high-technology 



Figure 7-5. 

Shares of home markets for high-tech products 
supplied by domestic producers, for major 
countries: 1970 and 1986 
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goods. U.S. producers of high-tech products still maintain 
a dominant position in their home market, but that posi- 
tion is being challenged by foreign manufacturers. 

Foreign Markets for High-Technology Products 

Historically, the United States has not been an economy 
oriented toward serving foreign markets. The sheer size of 
the U.S. economy provided the U.S. business community 
with large markets that supported its operations and gen- 
erally encouraged its expansion.^^ Consequently, U.S. 
commerce looked to overseas markets mostly as an after- 
thought. Mounting trade deficits, however, are now incit- 
ing interest in expanclu:)? U.S. exports. This section ex- 
amines U.S. technology i ues in foreign markets and the 
role exports have played over the years. 

Tlte U.S. Experience. U.S. producers are important sup- 
pliers of high-tech products in the overseas market, but 
they have not been able to increase their market share to 
any significant degree. ja^ comparison of U.S. producers' 
share of the foreign market for high-technology products 
in 1970 and 1986 shows a gain of only 1 point, from 10 
percent to VI percent.^^ (See appendix table 7-8.) 



•'See Council of Economic Advisers (1989), pp. 234-38. 

^'Foreign markets are calculated by subtracting total U.S. consumption 
of higl\-tech products from OECD production of high-tccli products. 

'The exchange rate between the U.S. dollar and a trade-weighted 
average for the currencies o : the other major industrialized countries was 
fairly stable for thes*^ 2 years. 
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The United States consistently exported a larger share of 
its high-technology manufactures than non-high-technol- 
ogy manufactures. (See appendix table 7-9.) In 1978; about 
18 percent of U.S. shipments of high-tech product? were 
exported, compared with 4.5 percent of non-high-tech 
manufactured products. By 1986, the gap closed some- 
what; high-tech exports still represented close to 18 per- 
cent of total high-tech shipments, but non-high-tech ex- 
ports increased to almost 6 percent of total non-high-tech 
shipments. 

Experience of Other Countries. By contrast, U.S. com- 
petitors have long emphasized exports of their high-tech- 
nology products. (See appendix table 7-12.) In 1986, the 
United States exported 15 percent of it? high-tech produc- 
tion, compared with 22 percent by Japan and substantially 
higher levels by the European countries. 

Comparing each country's exports to its domestic ship- 
ments reveals the role foreign sales have played in each 
country's high-tech industries. During 1970-86, all of the 
other major industrialized countries exhibited compara- 
tively greater tendencies to export tha*i did the United 
States. (See figure 7-6 and appendix table 7-13.) West Ger- 
many's exports of high-technology products increased 
frohi half the size of its domestic sales in 1970 to 1.5 times 
its domestic shipments by 1986. Exports by the United 
Kingdom of high-tech products exceeded its domestic 
shipments of such products starting in 1984 and did so 
each year thereafter. France, with a home market com- 
parable in size to that of West Germany, is less export- 
oriented than other European countries, but nevertheless 
had a much higher export/domestic shipment ratio than 
the United States. 

Like that in the U:.iited States, Japan's strong home 
market for high-technology goods absorbed a larger share 
of its high-tech shipments than that accounted for by sales 
to foreign markets. Still, Japan's high-technology industry 
is considerably more export-oriented than is U.S. industry. 
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In 1986, the ratio of Japanese exports of high-tech products 
to domestic shipments was 0.3 to 1 , up from 0,2 to 1 in 1 970. 
In comparison, the U.S. export/domestic shipment ratio 
followed an irregular tr^nd during the 16-year period 
examined. Even at its peak in 1980, it did not exceed 0.2 
tol. 

U.S. Exports by Sector. While it is apparent that U.S. 
domestic sales of high-tech products far exceed its exports, 
tha^ tends to obscure what continues to be a strong de- 
mand for U.S. high-technology products in foreign mark- 
ets. In fact, the United States was the world's leading 
exporter of these until recently, when it was overtaken by 
Japan. (See appendix table 7-10.) In 1986, Japan supplied 
24 percent of world exports of high-technology products; 
the United States' share was 22 percent. 

Throughout the period examined (1978-86), exports of 
aircraft and related parts topped the list of U.S. high-tech 
exports, followed closely by exports of communication 
equipment and electronic components and of office and 
computing machines. (See appendix table 7-9.) Together, 
these three high-tech product groups account for a large 
and increasing share of all U.S. high-technology exports 
(68 percent in 1986, up from 60 percent in 1978), as well as 
of all manufacturing products (29 percent in 1986, 22 per- 
cent m 1 978). Expi -rts of computers and related equipment 
(office and computing machines) showed the most growth 
among the high-technology products, registering a three- 
fold increase during the 1978-86 period.^* 

From 1976 through 1985, the united States maintained 
a consistent trade surplus for the identified high-tech 
product groups, and imported more than it exported of 
other manufactured products. (See appendix tables 7-14 
and 7-15.) Since 1980, U.S. high-tech exports have con- 
tinued to grow, but U.S. imports have grown faster. As a 
result, the U.S. high-technology trade surplus has declined 
substantially, dropping from abo.it $27 billion in 1980 to 
under $4 billion in 1985. In 1986, the United States ex- 
perienced its first trade deficit in the high-technology sec- 
tor, with exports of $72.5 billion and imports of $75.1 
billion. During 1987, U.S. trade in high- technology prod- 
ucts (exports plus imports) jumped close to 14 percent over 
1986, and returned to a slight surplus position as exports, 
once again, exceeded imports. 

By contrast, the U.S. balance of trade for non-high- 
technology goods has been in deficit since 1 975. During the 
1980s, the U.S. annual trade deficit in this sector grew 
dramatically from $4.7 billion in 1 980 to over $1 38.0 billion 
in 1987. 

Summary. U.S. industries with high levels of R&D ac- 
tivities apparently maintain a comparative trade advan- 
tage—although tbisadvantage is weakening. By inference. 



"Companies in these three product groups also w^re particularly 
intensive in their R&D performance. In 1985, company-funded R&D 
expenditures in the industries associated with these products were about 
$19 billion, or almost 37 percent of the total industry-funded R&D effort 
in the United States. (See NSF, 1986.) Moreover, this measure probably 
understates the importance of these industries to the U.S. commercial 
R&D endeavor, since they also provide important markets for a variety 
of high-technology inputs and encourage R&D oxpenditu^-es in various 
supplier industries. 
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those U.S.-manufactured products that contain high levels 
of R&D inputs seem to be more competitive in foreign 
markets than do non-high-tech U.S. products. Increased 
competitiveness overseas provides additional revenues; 
this in turn provides resources for new private investment 
in R&D. The circular path of reinforcement of science and 
technology and U.S. competitiveness can be aided by suc- 
cess in foreign markets. 

INDIRECT CHANNELS FOR INTERNATIONAL 
DIFFUSION OF U.S. TECHNOLOGY 

Profitable international diffusion of an hmovation— 
v^hether through exports, affiliate sales, or licensing to a 
foreign producer— helps to finance and justify the inno- 
vator's R&D expenditures and thereby encourage new 
innovative activities. This section examines the trends of 
technology diffusion by U.S. firms through their various 
investments in foreign markets. 

U.S. Direct Investment Abroad 

Motivationfor U.S. Foreign Investment One way U.S. 
firms sell or transfer their products in foreign markets is 
by establishing production facilities in other countries. 
U.S. high-tech firms establish overseas oper-^tions in an 
effort to maximize revenues by e\ploiung all avenues to 
enhance the finn's ability to compete. 

Firms establish overseas operations for many diverse 
reasons— to take advantage of lower operating costs, to 
avoid tariffs and/or other nontariff barriers in the host 
country, to better serve a market in wiiich they have al- 
ready achieved some success to name a few. The decision 
to invest overseas also may be related to the technology's 
age, with innovations initially exploited through exports, 
and production moving offshore as the product or process 
matures.^5 

Relative costs of production in the United States and in 
foreign countries are another factor. When production 
costs are substantially lower outside the United States, 
some level of production will, in time, be shifted overseas. 
These foreign affiliates will then tend to serve that country 
and region and may even replace U.S. production, espe- 
cially for mature products whose manufacture incorpor- 
ates readily available technical expertise and equipment. 
The movement toward such global manufacturing in- 
volves not only the manufacture of final products, but 
increasingly of parts and components that are then used 
to support final product manufacturing back in the United 
States.^^ 

When a high-tech firm establishes a facility offshore, it 
expects to exploit some advantage it possesses, generally 
in the uniqueness of its product or its ability to service a 



Vernon (1966) and Hufbauer (1966) for more extensive discussion 
of the "product cycle." 

'^In addition, U.S. multinationals are, with increasing frequency, enter- 
ing into agreements with individual foreign manufacturers to have them 
supply parts and components that were formerly manufactured in the 
United States. 



market. New technologies and innovations generally are 
not transferred overseas until the later stages of the prod- 
uct cycle. By inference, these investments in foreign af- 
filiates involve technologies that were introduced years 
before. 

How much technical expertise or know-how is actually 
transferred when facilities are established overseas de- 
pends on the state of development of the prospective host 
country, with lesser developed countries having the po- 
tential for the greatest gain through both direct and in- 
direct transfers of technology. Indirect technology trans- 
fers occur through the training of technicians and 
managers that result, and through the technical knowl- 
edge transferred to firms that support the facility and to 
customers trained in the use of the product. On the other 
hand, when developed countries are host to such foreign 
investment, they primarily get another competitor for 
their own production of similar high-tech products. 

The data used in this section measure the book value of 
U.S. investors' equity in and outstanding debt with 
affiliated firms overseas.^' While these data do not provide 
any information about the kind of investment, they do 
indicate both the level and location of U.S. commercial ties 
abroad. 

Trends in U.S. Direct Investment U.S. direct invest- 
ment abroad in manufacturing industries exceeded $92 
billion by 1981 ; this rep*<*sents almost a threefold increase 
since 1970. (See appendix table 7-16.) After 1981, the un- 
interrupted growth in the U.S. foreign investment position 
stalled, thereafter following a more erratic path. As the 
United States slipped into recession after 1981, U.S. firms' 
investment position abroad declined. By the next year, it 
was down about 10 percent. This dip continued through 
1984. By the end of that year, however, direct investment 
abroad began an upward trend that continued through 
1987. The U.S. direct investment position in manufactur- 
ing industries abroad increased 21 percent from 1986 to 
1987; this was about twice the rate of increase recorded in 
the prior 2 years. 

This pattern was also mirrored by the two high-tech 
industries for which data are available---the chemicals and 
allied products and machinery manufacturing indus- 
tries^^—although the upward trend began a year earlier 
during 1983. The bulk of the increase between 1986 and 
1987 is attributable to reinvestment of 1987 earnings, 
which were nearly double the level reported during 1986. 
These improved earnings were due to the effects of the 
dollar depreciation and enhanced operating profits, which 
in turn derived from strong demand and an improvement 
in operating efficiencies after some corporate restructur- 



^^These data measure the book value of U.S. direct invest'^rs' equity in, 
and net outstanding loans to, their foreign affiliates. " vS" are firms 
in which the reporting U .S. parent holds an interest it 10 percent 

of the voting securities, or the equivalent. See U.i XXI, Bureau of 
Economic Analysis (1985); and US. DOC, Bureau of Economic Analysis 
(1987). 

^^Includes the nonelectrical machinery and electric and electronic 
equipment industry groups. 
^^SchoUand Lowe (1988). 
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The geographical location of U.S. investment in overseas 
subsidiaries has changed substantially over the years, 
shifting away from Europe and toward the Asian-Pacific 
countries, (^e appendix table 7-16.) In 1966, U.S. direct 
investment in Canada and the United Kingdom made up 
nearly 50 percent of the total U.S. direct investment posi- 
tion abroad in manufacturing; by 1987, this combined 
investmeni had declined to 35 percent. In 1966, West Ger- 
many and France were each host to three to four times as 
much U.S. direct investment as Japan for all manufactur- 
ing industries, and about twice as much as in the ma» 
chinery and chemical industries. By 1987, however, the 
comparable U.S. direct investment position in Japan grew 
considerably, and in fact actually exceeded that in West 
Germany and France in the high-technology manufactur- 
ing industry of chemical products. Other Asian-Pacific 
countries also received larger amounts of U.S. direct in- 
vestment between 1966 and 1987 as did Mexico and other 
lesser developed countries. 

U.S. Direct Investmettt by High-Tech Multinationals, 
Establishing foreign affiliates provides U.S. firms with a 
means by which to break into a new market or improve 
their position in an existing market. Foreign affihates also 
provide a mechanism to circumvent certain barriers erec- 
ted to limit foreign competition. The data for 1986 suggest 
that high-tech manufacturing firms maintain a significant* 



ly higher portion of their assets in foreign affiliates than do 
other U.S. manufacturers. Assets of foreign affiliates for 
high-tech manufacturers accounted for nearly 42 percent 
of the parents' total assets, compared with 30 peicent of 
total assets held abroad by non-high-tech manufacturers. 
(See figure 7-7 and appendix table 7-18.) U.S. parent firms 
operating in three high-tech fields — office and computing 
machines/ drugs and medicines, and industrial chemi- 
cals—had assets in foreign affiliates representing over 50 
percent of total assets. 

The locations of the foreign affiliates set up by these 
high-technology firms suggest a bias associated with dif- 
ferent products. U.S. multinationals' foreign investments 
in affiliated companies generally are heavily concentrated 
in Europe.^" U.S. high-tech multinationals had 47 percent 
of their total assets in European foreign affiliates, com- 
pared with 42 percent for non-high-tech multinationals. 
(See figure 7-8 and appendix table 7-17.) 

Affiliates established in Europe and Japan probably rep- 
resent efforts by U.S. multinationals to expand sales in 
those markets. High-tech multinationals had 59 percent of 



^^Europe is defined as the 10 member countries of the European Com- 
munity. 



Figure 7-7. 

Total foreign atsets of U.S. corporations as a percentage of total assets: 1986 
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their assets in foreign affiliates located in Europe and Japan 
(47 percent and 12 percent, respectively), while non-high- 
tech multinationals maintained 51 percent in Europe and 
Japan (41 percent and 10 percent, respectively). U.S. mul- 
tinationals whose primary business involved computers 
(office and computing machines category) had close to 67 
percent of their assets in Europe and Japan (52 percent and 
15 percent, respectively), the highest for any high-technol- 
ogy field. 

For the most part, foreign affiliate assets held by U.S. 
multinationals in the developing countries represent ef- 
forts to lower production costs and thereby increase com- 
petitiveness worldwide. Products manufactured in the 
developing countries are, for the most part, exported to 
developed countries, including the U.S. multinationals' 
home market. Many U.S. multinationals followed this 
path during the early 1980s when the appreciating dollar 
provided additional reason to move production facilities 
overseas. The experience did not always live up to expec- 
tations. Differences in culture, language, and business 
practices, as well as the distance from the U.S. headquar- 
ters, create additional costs that can erode much of the cost 
advantage that a firm expects to reap. With the dollar 
falling during 1987-88, there has even been some move- 
ment of production capability back to the United States, 
especially by firms that had not made the move offshore. 

High-tech multinationals held 19 percent of their total 
assets in developing countries, compared with 22 percent 
for non-high-tech multinationals. Interestingly, U.S. mul- 
tinationals whose primary activity involves the manufac- 
ture of computers had fewer assets tied up in developing 
countries than did U.S. manufacturers of other high-tech 
products. The rapidity with which technological changes 
occur in the computer field and the concomitant need for 
proximity to the innovative personnel may preclude off- 
shore production except for the least sophisticated of com- 
puter products. 

These data suggest that U.S. multinationals invest in 
foreign affiliates primarily to improve their market share 



in other developed countries. The suggestion is even 
stronger for U.S. n ullinationals in high-tech fields. Both 
the European Community and Japan represent large mar- 
kets for high-technology goods; both protect these markets 
with trade barriers such as tariffs, "buy national" policies, 
and often unnecessary and discriminatory standards, test- 
ing, certifications, etc.^^ Foreign affiliates help U.S. firms 
circumvent the trade barriers that have impeded their 
competitiveness in the past. In general, the motivation for 
U.S. multinationals to establish foreign affiliates in lesser 
developed countries is to lower average production costs. 

A recent U.S. International Trade Commission study 
appears to support these conclusions.^^ The commission 
found that: 

• U.S. firms set up production facilities in Canada and 
Europe to facilitate sales in those markets. 

• U.S. firms set up production facilities in Japan because 
they considered it a stable place to operate and be- 
cause physical presence in Japan afforded firms better 
access to Japan's advanced technology. 

• In other East Asian countries, labor cost differentials 
and labor productivity were the incentives for U.S. 
firms' establishment of production facilities. 

Patent Licenses, Royalties, and 
Technology Agreements 

Although exporting and investing abroad are two very 
different strategies employed by U.S. companies to market 
their products in foreign countries, these strategies have 
an important element in common: any proprieta.y tech- 
nology associated with the product being exported or 
manufactured by the foreign facility essentially remains 
controlled by the U.S. firm.^** 

Firms also may simply sell their rights to an invention, 
sell the right to market an invention, and/or provide tech- 
nical information on an invention's production or use to 



^'SceOfficeof the United States TradeReprosentativo(1987), pp. 95-109 
and 171-93. 
^^See U.S. ITC (1988a), pp. 5-1 to 5-7. 

'Mbid. Most of the responding U.S. companies with production fa- 
cilities in Japan were themselves subsidiaries ofjapanese companies. The 
ITC study suggests that responses may be different if more respondents 
selecting this reason were not owned by Japanese multinationals. 

^*Both those chai\nels for product sales provide opportunities for leak- 
age of such proprietary Know-how. The sale of high-tech products in- 
volves the export of sj-called "embodied technology." The technology 
incorporated in the product often can be pirated through reverse en- 
gineering, thus permitting competitors to imitate and perhaps even im- 
prove upon the product. 

U.S. iiwestment in overseas production facilities also inadvertently 
transfers technology. First, the innovative firm sets up production of its 
technology-embodying product in the market, creating a transfer of 
technology analogous to that accompanying high-technology product 
export. Second, there is a transfer of "disembodied technology"— in 
setting up production facilities, the investing firm brings a panoply of 
formal and informal know-how associated v% ith the technology's use and 
production. Through expcjsurc to production facilities, competitors and 
potential compelitoi-s again reap benefits from the innovator's R&D. 
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another fimi. The purchaser obtains a technological re- 
source it may then use to its advantage—perhaps through 
production, modification, or marketing— and pays licens- 
ing fees and royalties to the original firm; these are fre- 
quently proportional to product sales,^^ 

The inventing firm will often choose this marketing 
channel when it lacks the resources to exploit the technol- 
ogy fully (e.g., insufficient capital, raw materials, market- 
iy ^ expertise, etc.). Selling licenses to foreigners that per- 
mit the technology's reproduction, use, or resale typically 
take place when access to a market is made difficult be- 
cause of tariffs, governnient restrictions, or lack of exper- 
tise about the market or customs that would facilitate the 
originating firm's entry. In return for the fee or royalty, the 
licensor sells not just information, but also partial control 
over the t^?chnology. The licensee giuns knowledge or 
access to te^^hnology that would not otherwise be legally 
available. 

To some extent, firms' receipts and payments for patents 
and technical knowledge represent a pure indicator of 
technological prowess, These sales — particularly between 
unaffiliated fimis where prices are set through some 
market-related bargaining process — reflect only the ex- 
change of technology and its market value at that point in 
time. Tnese receipts and payments t lus may be viewed as 
an "output" indicator providing a measure of the produc- 
tion and exchange of knowledge. 

The United States is a net exporter of its technology via 
this mechanicm. Royalties and licensing fees received from 



foreigners have been, on average, tour times that paid out 
to foreigners by U.S. firms for access to their technology. 
(See appendix l.^ble 7-19.) In real terms, U.S. sales of tech- 
nology through this channel were more or less constant 
during the 1970s, but have shown considerable growth 
during the 1980s.^^ U.S. receipts from such technology 
sales totaled $2.1 billion in 1987 (1982 prices), up from $1.4 
billion in 1980. 

Japan is the largest consumer of U.S. technology sold in 
this manner. In 1987, Japan accounted for 41 percent of all 
such U.S. receipts, with Canada a distant second at 7 
percent. Both these countries' payments for U.S. licenses 
were smaller in 1980 — ^Japan accounted for 31 percent and 
Canada 5 percent that year. By contrast, purchases of U.S. 
technological know-how by other major industriali^^ed 
countries — namely West Germany, the United Kingdom, 
and France— <ieclined somewhat during the 1980s. 

The United States has co isistently maintained a trade 
surplus (i.e., receipts minus payments) in its sales of U.S. 
technology via this mechanism. (See figure 7-9.) In 1987, 
T ^.S. receipts were seven times its payments in licensing 
transactions entered into with Japan, eight times as large 
with Canada, and more than twice the payments to France. 
While the U.S. has maintained a surplus with West Ger- 
many and the United Kingdom, those surpluses have 
shrunk over the last couple of years and, as of 1987, were 
relatively small. 



^Licensing fees are charges for the use of a patent or industrial process; 
royalties are payments for the ■ ise of copyrights or trademarks. 



^^ince receipts from royalties and fees paid by foreignei's represent an 
export of U.S. goodS; an export deflaior dovelopei} by the Department of 
Commerce was used to discount the Inflation-addc.'^ value to these data. 
Appendix table 7-20 contains deflators for general exports and imports. 
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U.S. payments to technology sellers in the United King- 
dom are larger than might be expected given the size of 
the British R&D endeavor. In 1985, United Kingdom R&D 
expenditures v^ere less than one-third those of Japan, and 
about two-thirds the level in West Germany;^'' nonethe- 
less, the United Kingdom received almost 30 percent of 
U.S. technology payments that year. (See appendix table 
7-19.) 

The total flours of receipts and payments of royalties and 
license fees are generated from new agreements and those 
made in previous periods that are still in force. Conse- 
quently, these data do not permit an analysis of new U.S. 
technology flows resulting from new agreements. While 
data on receipts and payments from new technology 
agreements are not available from U.S. sources, there are 
some data developed by the Government of Japan that 
disaggregate data for receipts and payments by new and 
existing agreements. (See appendix tables 7-21 and 7-22.) 
Since Japan is the dominant customer for U.S. technology 
sold through this channel and a major force in high-tech 
fields, these data provide additional insight about the 
relatively high level of U.S. technology sold via technology 
agreements. 

During the 1980s, the United States entered into, on 
average, over 800 new agreements per year with Japan 
involvmg the exchange of technological know-how. There 
were 2.5 new agreements calling fr ^ U.S. exports to Japan 
of technological know-how for every 1 that represented a 
U.S. import of Japanese technology. Interestingly, during 
the 1970s, the exchange of technological know-ho'v be- 
tween the United States and Japan was more equitable; the 
ratio of new agreements representing^ U.S. exports of tech- 
nological know-how compared with U.S. imports of Jap- 
anese know-how was approximately 1.2 to 1. 

Japan apparently continues to consider th. l-nited 
States a fertile fleld from which to harvest new ^ ances 
in technology. The surplus the United States enjoys in its 
trade in technological know-how with Japan does not rely 
solely on technological advances developed in the past, 
but is also supported by current innovative activity in 
the United States. While such iales contribute positively 
to the bf^ lance sheets of U.S. firms and the U.S. economy in 
the «^;hort ter^n ihere lemains considerable controversy 
about tne lc.i5-te;tii consequences of these technology 
sales. 



PROSPECTS FOR U.S. TECHNOLOGY IN THE 
GLOBAL MARKETPLACE 

Policy Developments 

The roio government plays in a country's ability to 
compete in the global marketplace is a subject of debate 
that converts few but engages a great many. Nevertheless, 
governments do intervene in the marketplace for a variety 
of reasons— many times in response to its philosophy, 
occasionally for social concerns, frequently in response to 



^SeeNSF(1987), p. 2, 



pressure from interested parties. This section explores 
changes in U.S. Government policy that affect U.S. com- 
merce and its ability to compete in the global marketplace. 

The year 1988 saw both significant changes in U.S. trade 
laws and progress in bilateral negotiations intended to 
provide new opportunities for U.S. trade. On the other 
hand, the European Community is preparing to enhance 
its competitive position in 1992 by further removing trade 
barriers among member countries. There are fears among 
some U.S. and other non-European manufacturers that 
they could find themselves at a comparative disadvantage 
in their efforts to sell to the European market unless they 
establish production facilities within Europe. But probably 
the most important policy development in 1988 for U.S. 
firms involved in international commerce is what was 
commonly referred to as the Trade Bill. 

With President Reagan's signing into law of the Om- 
nibus Trade and Competitiveness Act of 1988 on August 
23, 1988, the U.S. Government attempted to "level the 
playing field"— i.e., to increase opportunities for U.S. 
firms overseas and equalize the terms of economic com - 
petition within the United States. 

Several provisions of the act bear heavily on U.S. trade, 
including trade in high-tech products. Briefly, the act: 

• Mandates the President to seek lower tariffs and elim- 
inate nontarif f barriers through both multilateral and 
bilateral negotiations. 

• Required the U.S. to join 50 countries in the Har- 
monized Tariff on January 1, 1989; this will facilitate 
U.S. exporters' ability to market their products. 

• Clarifies the Foreign Corrupt Practices Act to identify 
permissible foreign payments when doing business 
overseas. 

• Empowers the President to restrict acquisitions of U.S. 
firms by foreigners when deemed important to na- 
tional security. 

• Requires that export controls on sensitive products 
and services be continuously reevaluated so that only 
those items truly important to safeguarding national 
security remain controlled. 

• Implements new requirements for reciprocity in intel- 
lectual property, government procurement oppor- 
tunities, and telecommunications trade. 

• Expands the laws governing intellectual property 
rights to include process patents, and makes the laws 
less burdensome for those seeking government pro- 
tection from infringing imports. 

• Strengthens "unfair trade" statutes (e.g., antidump- 
ing and countervailing duty laws). 

• Creates the Competitiveness olicy Council consist- 
ing of government, busine* labor, and academic 
leaders with the mandate to identify and analyze 
problems and recommend strategies for improving 
U.S. productivity and competitiveness. 

• Renames the National Bureau of Standards as the 
National Institute of Standards and Technology to 



158 

171 



reflect its broadened role. It is expected that the in- 
stitute will become the lead Federal organization sup- 
porting industrial quality and competitiveness. The 
act directs the institute to involve itself in exchanges 
with foreign institutions to promote international ex- 
changes of information on new technologies. The Ad- 
vanced Technology Progrnm is created under the in- 
stitute's umbrella to function as a conduit to facilitate 
private sector access to the knowledge assembled by 
the institute and other Federal labs. 

• Creates a 1-year National Advisory Commission on 
Superconductors consisting of members from gov- 
ernment and the private sector to formulate a national 
strategy to ensure U.S. superconductor competitive- 
ness. 

The act's provisions go well beyond the areas sum- 
mari2ed above. But potential gains for the U.S. economy 
are large in just two areas alone — the act's attention to 
export controls imposed on sensitive products and ser- 
vices, and to intellectual property rights. 

A recent study conducted by the National Academy of 
Sciences assessed the impact of export controls on lost 
sales by U.S. firms, and suggested that these could exceed 
$9 billion dollars annually.^^ Most of the goods covered by 
export controls would be classified as high-technology 
products. While the act does not eliminate such controls, 
it does ease administrative burdens for firms involved in 
such trade, and it provides for ongoing removal of con- 
trolled products from the list of covered products as other 
countries make them available in the global marketplace. 
These changes will open markets previously closed to U.S. 
firms that trade in controlled products. 

Another area of concern to U.S. high-tech firms ad- 
dressed by the act is the need to strengthen intellectual 
property laws. A study by the U.S. International Trade 
Commission estimated that losses to U.S. firms as a result 
of violating U.S. intellectual property rights exceeded $11 
billion dollars during 1986.^^ Again, a large percentage of 
the goods affected by these violations involve new prod- 
ucts and processes in the high- technology area. 

Almost 3 years in the making, the act is ambitious in its 
attempt to address so many areas of concern to U.S. busi- 
ness and labor communities. What impact it will ultimate- 
ly have on U.S. competitiveness will be answered in the 
years to come. 

Economic Factors 

As a reference for the examination of U.S. competitive- 
ness in high-technology fields, data on several important 
economic factors are presented to help explain potential 
shifts in technology flows. The factors selected— compara- 
tive exchange and inflation rates— are important factors, 
though they are not the only economic factors affecting 
U.S. international commerce. By tracking certain key eco- 



National Academy of Sciences (1987), pp. 122 and 266. 
^'See U.S. lie (1988b), pp. 4-5 and 4-6. 



nomic factors, we may better understand the dynamics 
that influence future U.S. competitiveness. 

As discussed earlier, consumers of high-technology 
products choose a particular supplier after carefully con- 
sidering the product's ability to perform the required func- 
tion, its quality, and its price. While high-tech products 
may tend to be less price sensitive^"^ than other goods— 
especially those incorporating cutting-edge improve- 
ments or which are themselves state of the art—the bulk 
of products identified as high technology compete in a 
market composed of many competent sellers. Thus, saler 
of high-tech products will often turn on price. Two impor- 
tant elements that influence the price competitiveness of 
U.S. products are the relative exchange rates and inflation 
rates of the United States and of the countries that it com- 
petes against in the marketplace. 

Increasingly, during 1980-85, U.S. firms were at a com- 
petitive disadvantage in the global marketplace due to a 
strong and strengthening dollar and an inflation rate high- 
er than three of its major competitors — i.e., Japan, West 
Germany, and France. (See appendix tables 7-2 and 7-23.) 
During this period, the dollar appreciated close to 29 per- 
cent against the major industrialized countries.^^ The U.S. 
inflation rate was 3 times that in Japan and 1.5 times that 
in West Germany— these two countries alorte accounted 
for 28 percent of global production of high-technology 
products. But after 1985, the prospect for improved price 
competitiveness for U.S. high-tech products stemming 
from changes in inflation and exchange rates predicts 
improved opportunities for U.S. high-technology prod- 
ucts in the global marketplace. 

In a DOC study analyzing the future price competitive- 
ness of U.S. goods in world markets, several references to 
segments of the U.S. high-tech industry are mentioned.^^ 
Based on the level of U.S. exports of high-technology 
products in 1986 and the sources of competition for U.S. 
products in foreign markets, prospects for improved price 
competitiveness of U.S. high-tech productsare strong both 
at home and in overseas markets. (See appendix table 
7-25.) In the U.S. market, the estimated effect of currency 
and inflation changes projects an improved price-competi- 
tive position on some $32 billion dollars worth of high-tech 
products lost to foreign suppliers. Except for Canada, U.S. 
high-tech products should be more price competitive 
against the other major industrialized countries. Gains in 
the U.S. market at the expense of the lesser developed 
countries are predicted to be less favorable. According to 
this study, drugs and instrumentation products offer the 
greatest opportunities for increased U.S. high-tech prod- 
uct sales.^^ 



^High-tech products often can be unique, customized, or otherwisu 
state of the art; sales of such goods are influenced less by price. 

'^^Exchange rate comparison of U.S. dollar with the 13-Developed 
Country Average. See appendix table 7-2 for list of countries. 

^^Lawson and Vnung (1988), pp. 16-21 . 

^^Opportunitie*. for increased sales of U.S. high-tech products in the 
home market \u - j conside^red "favorable" if the combined effect of 
recent price a- a w<rrency changes has been to cause prices of goods from 
major foreign suppliers to increase much more rapidly— <)r to decrea.se 
much more slowlj —relative to the average price of all other goods sold 
in the United States, including U.S. domestic and other imports. 
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In overseas markets, the DOC study foresees oppor- 
tunities for market expansion in higli-technology fields 
that could involve close to $27 billion in new sales. The 
dollar's decline should lead to gains in trade in markets in 
Europe and Japan and— to a lesser extent — in the East 
Asian NICs. Once again, pharmaceuticals offer the 
greatest prospects for capturing further market share over- 
seas; U.S. chemical products are also projected to be more 
price competitive.'^ 



•^In this DOC study, recent price and currency changes in markets 
outside of the United States are said to be "favorable" to U.S. exports if 
their combined effect has been to cause U.S. prices to drop much more 
rapidly— or to increase much more slowly— relative to the average price 
of goods from all other sources. 



Other economic factors project mixed signals for the 
immediate future. Gains in U.S. labor productivity lag 
behind those made by our major competitors and U.S. 
labor costs remain high. The savings rate in the United 
States remains well below that of our nearest competitors; 
this contributes to a cost of capital higher than that of our 
competitors.'''' The burdens of comparatively higher inter- 
est rates ai'd labor costs, and a lower savings pool kept low 
by very high consumption habits, will continue to be a 
drag on the positive forces that have entered the competi- 
tiveness equation. 



"See Hdtsopoulos, Drugman, and Summers (1988), pp. 299-307. 
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Public Science Literacy and 
Attitudes Toward Science and Technology 



HIGHLIGHTS 



• The U.S. adult public has a vefy limited knowledge of physics 
and earth science. Only 15 percent of American adults 
surveyed in 1988 could correctly answer all of seven 
simple questions posed on these topics. Three-quarters 
knew that light travels faster than sound, but only 43 
percent knew that electrons are smaller than atoms, 
which is one of the most elementary facts of the atomic 
theory of matter. British respondents, who were asked 
the same questions at the same time, did a little more 
poorly on average. (See pp. 165-66.) 

• With regard to astronomy, there are also many misconcep- 
tions. Twentv-one percent of Americans believe the sun 
goes around the earth, while another 7 percent do not 
know which goes around which. Only 45 percent know 
that the earth takes a year to go around the sun. British 
responses to these questions were correct even less of- 
ten. A majority of Americans believes that the universe 
remains constant in size. (See pp. 166-67.) 

• The U.S. and British publics are very well aware of some basic 
health facts, such as that sunlight causes skin cancer, and 
that stress and smoking contribute to heart disease. On 
the other hand, only about a quarter are aware that 
antibiotics cannot kill viruses. Many people in both 
countries are confused as to why they should do things 
like eat fiber and not eat food additives. Large numbers 
of Americans and Britons believe these actions help 
prevent heart disease. (See p. 167.) 

Many Americans do not know or do not believe scientific 
accounts of early human history. About 43 percent doubt 
that humans are descended from other animal species. 
Much smaller percentages in Bri'-tin, Japan, and the 
12-country European Community reject the idea of hu- 
man evolution. About 45 percent of Americans believe 
that early humans lived at the same time as dinosaurs. 
(Seepp 168-69.) 

About 6 percent each of Americans and Britons say they act 
on their astrological forecasts. Among young Americans, 
those aged 18 to 24, the level is 10 percent. Among those 
without a high school diploma, it is 1 1 percent. The same 
groups are also most likely to think that astrology is 
scientific. (See p. 170.) 

The American public overwhelmingly believes that the world 
is better off because of science. In both 1957 and 1988, 88 
percent of respondents expressed this view. In both 
years, strong majorities believed the general proposition 
that science makes our lives healthier, easier, and more 
comfortable; and that science does not break down peo- 
ple's ideas of right and wrong. A parallel British survey 



asking some of the same questions received generally 
more negative assessments of the effects of science. (See 
pp. 170-71.) 

• However, in some respects, there is less public confidence in 
science in 1988 than in 1957. For example, the number of 
Americans who believe that science can solve problems 
like crime and mental ilhess dropped from 47 percent 
to 23 percent. While only 23 percent believed in 1 957 that 
science breaks down people's ideas of right and wrong, 
33 percent said this in 1988. This drop in confidence 
occurred some time between 1 957 and 1979. (See p. 171 .) 

• Scientists generally are highly regarded by the public. For 
many years, they have ranked second only to physicians 
on a list of professionals in which the American pufc^'c 
has confidence. The scientific community has gained 
slightly in public coitfidence since the early 19/Os, in 
comparison with some other institutions. (See pp. 172- 
73.) 

• The public believes that science and technobgy are good 
long-range investments. About 80 percent believed— in 
1985 and 1988— that the government should support 
scientific research even when it brings no immediate 
benefits. (See p. 174.) 

• However, the public gives higher priority to government 
funding in areas that have direct social application, such as 
helping older people, improving education, reducing 
pollution, and improving health care. The British sur- 
vey, addressing the situation in that country, found 
greater interest than in the United States in increasing 
government funding for scientific research. (See pp. 
173-74.) 

• Most people consider the current level of government regula- 
tion of various aspects of science and technology to be ade- 
quate, if not excessive. Substantial minorities, however, 
would like to see more regulation. Forty-two percent 
want more regulation of the use of chemical food addi- 
tives, and 31 percent want more control over the con- 
struction of nuclear power plants. A majority is happy 
with the present level of regulation of basic scientific 
research. There was a decrease from 1985 to 1988 in the 
number that wanted to see more regulation of new 
pharmaceutical products, perhaps because of the AIDS 
problem. (Seep. 174.) 

• A small majority supports research on animals if it produces 
information about human health problems. In Britain, on the 
other hand, more people oppose than support animal 
research. Americans who oppose it tend to be female or 
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young . Support for animal research increases among the 
older age groups. (See p. 5.) 

• Between 1985 nmi 1988, there were uunwrous changes in 
public opinion about science and technohgy. Positive 
changes included a higher overall assessment of the 
benefits of science as opposed to its harmful effects, 
and more optimistic assessments of the effect of sci- 



ence on daily life, Also, there was a large decrease in 
the percentage who regard scientists as dangerous. 
On the other side, there was more desire for the reg- 
ulation of S&T; and more negative attitudes were 
expressed about the effects of technology on unem- 
ployment; animal research, the space program, and 
nuclear power. (See pp. 170-75.) 



Science and technology (S&T) are undeniably of increas- 
ing importance to the life of the Nation. The other chapters 
of this report measure the various ways in which science 
and technology have been growing and changing, both as 
to levels of activity and as to outputs and products. This 
chapter is devoted to an assessment of how well the public 
understands, and how it regards, these developments. The 
National Science Board first sponsored the collection of 
data on the attitudes of the U.S. public toward science and 
technology in 1 972. Since then, surveys of increasing scope 
and sopliistication have been conducted for Science & En- 
gineering Indicators approximately every 2 years. This 
chapter reports on the latest of these surveys, conducted 
in 1988, 

The first part of this chapter examines the science lit- 
eracy of the aduh public. This is a new feature, reflecting 
the current interest in this subject shown by government 
and in the media. The second part of the chapter deals with 
public attitudes toward science and technology. Both the 
science literacy and the public attitudes data were col- 
lected in coordination with a parallel survey in Britain 
supported by the British government. As a result, an ex- 
tensive comparison of U.S. and British science literacy and 
attitudes is presented here for the first time. This coopera- 
tion between countries follows a similar joint project be- 
tween the United States and Japan, the results of which 
were reported in Science & Engineering Indicators — 1987, 

Another new feature of this chapter is the repetition of 
some survey questions first used in 1957 so that changes 
in attitudes since that time can be shown. In general, the 
chapter emphasizes the comparison of public attitudes 
measured in 1988 with those collected in earlier years 
using the same questions. 

PUBLIC SCIENCE LITERACY 

There is growing recognition in the industrialized world 
that public science literacy is an important component of 
long-term social and economic growth and of effective 
citizenship, hi recent years, various studies in the United 
States and elsewhere have examined national science cind 
mathematics education systems in an effort to improve 
them and thereby raise the level of public science literacy.' 

Industrial economics will increasingly depend on ad- 
vanced technologies, and new economic realities will de- 



'Sec chapters 1 and 2. 



mand an increasingly sophisticated workforce. This is il- 
lustrated by the pervasive impact of computers in service 
and manufacturing industries. The ability to use com- 
puters and similar technologies at work often depends on 
workers' level of scientific and technical literacy. 

In addition, the growing impact of science and technol- 
ogy on our lives has brought an increasing number of S&T 
issues into the national agenda. Nuclear power, acid rain, 
and the "greenhouse effect," as well as medical advances 
and technological competitiveness, are increasingly sub- 
jects of media attention and political discussion in the 
United States and other industrialized nations. The issue 
of the safety of genetically engineered hormones in meat 
has triggered a trade dispute between the United States 
and the European Community. Similarly, trado disputes 
between the United States and Japan have arisen over 
computer chips, communicaticins systems, and other high- 
tech products. The number of scientific and technical is- 
sues that demand public attention shows every sign of 
continuing to grow. 

There is evidence that the proportion of citizens able to 
understand and follow these scientific and technical issues 
is low. Studies have found that relatively few Americans 
understand basic scientific terms or can make sense of 
arguments from exports on issues like nuclear power. 
Further, studies of recent high school graduates in the 
United States do not point to significant improvement 
from earlier generations.^ 

It would be valuable to have reliable measures of the 
level of public science literacy so that the scope of the 
problem could be assessed, trends measured, and com- 
parison made with other industrialized countries. Tech- 
niques for making such measurements are still under de- 
velopment. Difficulties are complicated by the need to 
develop criteria that can be used internationally. This 
chapter reports on one of the first efforts to measure sci- 
ence literacy with the U.S. adult public and compare it with 
science literacy in another major industrialized nation, in 
this case Britain,"^ 

For this purpose, surveys of the U.S. and Bntish publics 
were performed simultaneously in Juno and July of 1988. 
Tlie questionnaires were partly developed by mutual ex- 
change of questions, so that responses received in the two 



'T\w source \ov tho tUuno i.s Millor ( 1 W)b). Tin* nu)st roLvnl \\u^\^^r study 
ohlu- problem of public scumuv UUtocv is AAASd^'^S^^). 

^TlnschtipM spedksot lirit*un nUher ihan tlu' UniteJ Kinj;dom because 
tlu'iiatii discussed were collided in l^ngland, ScolLind, oud Wales, but 
!u»t \\\ Northern IreKuid. 
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countries could be compared.^' ^ Several dimensions of 
science literacy derived from these responses are treated 
separately in the following discussion.^ Work is in pro- 
gress to develop further the criteria for scientific and tech- 
nological literacy and to extend the comparison to other 
countries.^ 



Acquisition of Inf orniation About Science 
and Technology 

The U.S. public is strongly convinced of the need to be 
informed aoout science. Eighty-four percent disagreed 
with the idea that "It is not important for me to know about 
science in my daily life."* The public also believes that 
knowledge of science is possible: 72 percent agree that "If 
scientific knowledge is explained clearly, most people will 
be able to understand it."^ Scientific knowledge thus is 
considered both desirable and attainable. This section con- 
siders what the public is actually doing to acquire it. In 
general; the public claims to have a surprisingly high 



*The U.S. survey was performed in June and July 1988 with a repre- 
sentative sample of 2,041 adults> aged 18 and over. Surveying was done 
by telephone at the Public Opinion Laboratory, Northern Illinois Univer- 
sily. The response rate was 79 percent. With a sample of this size, results 
are uncertain by ± 3 percent or less at the 95-percent confidence level. 
With dubsampleS/ the uncertainty will be greater. For simplicity, this 
chapter does not discuss the statistical significance of various differences 
in the data, but points out only differences regarded as significant. U.S. 
datadiscussedinthischapter.unlessotherwiseidentified, are from Miller 
(forthcoming, 19S9a). See also Miller (in press, 1990). 

^The national survey of public understanding of science in Britain was 
performed in June and July 1988 by personal interviewing of 2,009 
respondents representing England, Wales, and Scotland south of the 
Caledonian Canal. It was a joint project of the University of Oxford 
Department for External Studies and Social and Community Planning 
Research, funded oy the Economic and Social Research Council. The 
British questionnaire was devised by John Durant, Geoffrey Evans, 
Patricia Prescott-Clarke, and Geoffrey Thomas, with advice and assis- 
tance from Donald Buz^.elli, Barry Hedges, Roger Jowell, and Jon Miller. 
While the American data file has been reweighted to correct for any biases 
in the sample with respect to age, gender, race, or level of education, this 
has not been done with the British data. Unweighted samples tend to 
contain excessive numbers of educated respondents, so that slightly 
higher levels of science literacy are found in the British data than are 
justified. The British survey also offered "don't know" to the respondents 
as a possible reply to many questions, while the U.S. survey did not. In 
some cases, this may affect the interpretation of the results. 

^No overaM measure of national science literacy is developed in this 
chapter. However, a recent study using the present data found that £.6 
percent of the U.S. public can be Ci>nsidered scientifically literate. For the 
British public, also on the basis of these data, the corresponding figure is 
7.1 percent. See Miller (1989b). 

'This chapter deals with scientific literacy and has little to say about 
technological literacy. The National Science Foundation recognizes the 
importance of technological literacy, and efforts are planned to develop 
measures of it. However, at this stage, techniques for measuring science 
literacy are just beginning to be developed; even less is known about 
technological literacy. In any case, knowledge of science will certainly be 
a significant part of any measure of technological literacy. 

® Another 1 4 percent agreed and 1 percent didn't answer. In Britain, not 
as many felt that knowledge of science is important. Only 57 percent 
disagreed with the statement, while 34 percent agreed, 8 percent neither 
agreed nor disagreed, and 1 percent gave no answer. 

^Another 27 percent disagreed and 1 percent did not reply. In Britain, 
73 percent agreed, 20 percent disagreed, 6 percent said "neither," and 1 
percent did not reply. This is slightly more favorable to the possibility of 
public science education than is the American reply. 



amount of access to various sources of information about 
science and technology, and some responses may in fact 
be exaggerated. 

Naturally; formal education is the way in which many 
persons acquire a certain level of scientific knowledge. 
Thirty percent of the U.S. respondents said they had taken 
at least one college-level course in biology, chemistry, or 
physics,^^ Most of these people, of course, did not become 
professional scientists or engineers, but many of them 
presumably retained some appreciation of science in later 
life, whatever careers they pursued. 

Those who never studied science academically^ — and 
even those who once did but are not now actively involved 
in science — must depend on various public information 
sources to ^.evelop and update their scientific knowledge. 
For example, museums represent one important effort by 
science professionals to impart science information to the 
public. Of the 1988 sample, 26 percent reported that they 
had attended an S&T museum at least once in the past year, 
and 10 percent said they had done so more than once. In 
addition, 30 percent said they had gone at least once to a 
natural history museum, which is a very similar facility,^^ 
and 51 percent said they had gone to a zoo or aquarium. 
(By comparison, 33 percent reported that they had visited 
an art museum, and 68 percent reported visiting a public 
library,) Virtually identical responses were given in 1985. 
Attendance at S&T museums is highest in the 35*- to 44- 
year-old age group; 34 percent of those in this age bracket 
have visited in the past year, while only 11 percent of those 
over 65 have. Attendance is also highest in the college- 
graduate group, where 50 percent went to an S&T museum 
in the past year, as opposed to 1 1 percent of those who had 
not finished high school. 

Magazines and television are other media that help to 
convey science and technology information to the broad 
public. Television seems to be particularly effective, at 
least in terms of the number of people reached. In 1988, 84 
percent of American respondents reported that they "reg- 
ularly" or "occasionally" watch the program "Nova" or 
the National Geographic specials. This is up from 59 per- 
cent in 1979, 70 percent in 1983, and 71 percent in 1985.^^ 
When asked to list the magazines they read regularly or 
occasionally, 15 percent of American respondents named 
at least one S&T-related magazine.^^ The following discus- 
sion deals with the levels of knowledge about science and 
technology that the public has actually achieved from all 
these sources. 



^^ince the sample is reweighted to match the educational distribution 
of the whole public — along with other characteristics- -this is probably a 
good representation of the extent of college-level science soidy among 
the entire U.S. adult population. For more detailed information on science 
and engineering education in the United States, see chapters 1 and 2. 

Forty-one percent reported attending either a science and technology 
museum or a natural history museum at least once in the past year. 

"See Miller, Prewitt, and Peanion (1980); Miller (1983); and Miller 
(1985). In Britain, 84 percent reported watching one of the two most 
popular science-related television shows regularly or occasionally in 
1988. 

^^In 1985, 16 percent gave that answer. Twelve percent of British 
respondents in 1988 stated that they read at least one magazine about 
"what is going on in science and teclmology." 
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Knowledge of Scientific Tenns and Scientific Method 

Scientific Terns. In their everyday reading, radio Us- 
tening, or TV watching, people encounter news items that 
use more or less technical terms having to do with science 
and technology. Thus, an important component of being 
scientifically or technologically literate is the ability to 
understand a minimum number of technical terms when 
they are encountered. People often are able to understand 
these terms because of their formal education or from 
informal discussion or reading done later in life. 

Previous studies have found that many people will say 
they know various technical terms when they really do 
not. Typically, less than half of those who say they have a 
clear understanding of a term can give a satisfactoiy def- 
inition of it if asked.^* For example, 27 percent of American 
respondents claimed in 1985 that they had a clear idea of 
what a molecule is, though only 10 percent could give a 
satisfactory definition, even by generous standards. Sim- 
ilarly, only 8 percent could say how a telephone works, 
though 18 percent had claimed to understand its operation 
clearly. Thus, it is necersary to ask more specific questions 
in order to learn the actual level of public knowledge. 

In 1988, American and British respondents were asked 
to give definitions for a set of terms. (See text table 8-1 and 
appendix table 8-1 Both American and British respon- 
dents were more familiar with computer software than 
with DNA.^* In the case of DNA, more Americans than 



^♦SeeNSB(1987),pp.l43f. 

"These results are based on coding of the open-ended survey questions 
at tho Public Opinion Laboratory, Northern Illinois University, and at 
Social and Community Planning Research. London, England. Tests were 
made of intercoder reliability and of consistenc> of the categories into 
which responses were coded. 

^Hn a 1987 survey, Japanese respondents also found computer software 
more familiar than DNA. See NSB (1987), appendix table 84. 



Teni table 8-1. U.S. and British publics' knowlsdge 
of scientific terms and scientific method: 1988 



Percer^t 
answering 
correctly 

a s. Britain 

Computer software 27 26 

DNA 22 13 

Radiation 

Scientific undorstaPidtng 6 NA 

Knows effects 25 NA 

Scientific method 17 23 

N» 2,04t 2,n09 

NA« Not asked. 

See appendix tables 8-1 and6>2. 
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Britons appear to know what it is. On the other hand, very 
few Americans could give a definition of radiation that 
had some scientific contentJ^ A larger number — a quarter 
of the U.S. sample—were able to give a less technical 
account of radiation, usually in terms of its effects or uses 
(See appendix table 8-1.) 

Scientific Method. Another important aspect of being 
scientifically literate is having some knowledge of the 
methods and styles of thinking that characterize science. 
Advertising and the entertainment and news media often 
contain claims that some result has been established scien- 
tifically. The public should understand the habits of mind 
and procedures of science well enough to know what this 
claim means — and, perhaps, even to decide when it is 
likely to be true. In addition, scientific thinking is a think- 
ing style that individuals often find valuable in their per- 
sonal lives. 

The question of what the public knows about the think- 
ing or methods of science is a large one, but some informa- 
tion about it exists. (See text table 8-1.) Approximately 20 
percent of the U.S. and British publics could explain what 
scientific study is. Three types of answers were regarded 
as correct. The first type had to do with the formulation 
and testing of hypotheses, leading to our best current 
understanding of nature. The second type had to do with 
performing experiments. The third type had to do with 
weighing all the evidence with an open mind.^^ More 
Britons than Americans gave correct answers. The first two 
answers were given in nearly equal numbers in both 
countries, but more Britons than Americans gave the third 
correct answer. (See appendix table 8-2.) 



Knowledge of Scientific Conclusions 

A large part of being scientifically literate is knowing 
some of the conclusions that science has reached. Scientific 
research constantly produces new information of both 
theoretical and practical interest. The scientif ic community 
ought to be concerned about how much of this information 
has reached the public, both to expand people's intellec- 
tual horizons and to increase their ability to function in a 
technological society. 

Physics and Earth Science. Public knowledge in this 
area was measured with seven questions, ranging from the 
very simple — e.g., whether hot air rises — to the more tech- 
nical— e.g., how a laser works. (See text table 8-2.) There is 
a corresponding!;^ wide variation in the numbers answer- 
ing different questions correctly. While nearly everyone 
knew that hot air rises, only a minority knew that electrons 
are smaller than atoms or that lasers do not focus sound 
wa ves. The question about electrons is significant because 
it has to do with an elementary feature of the atomic theory 

'^Acceptable answers rcterred to "energy" or "waves," for example, 
, ^^Answers in this group might refer to "bombs," "the siin/' "can kill 
you." "cancer," "fallout," "p4>wer plants," or to medical uses. 

^^A fourth group of respondents an.swered in terms of Itioking at thi ngs 
carefully. The remaining responses were unclassifiablc. (Soe iippendix 
table 8-2.) Responses for the U.S. sample were coded at the iHiblic Opin- 
ion I^iboratory, Northern Illinois University, with tests of intercoder 
roliabihty. 
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Text table 8-2. U.S. and British publics* knowledge 
of teete of physica and earth science: 1988 



Percent 
answering 
correctiv 

U.S, Br itain 

"Hotalrrisos." 87 gT" 

'The oxygen we breathe comes from plants." . . 81 60 

"The center of the earth !S very hot." 60 86 

"The continents on which we live have been 

moving their location for millions of years and 

will continue to move in the future."^ 80 71 

"Which travels faster, light or sound?" 76 75 

"Electrons are smaller than atoms," 43 31 

"Lasers work by focusing sound waves." 36 42 

Correct responses to all seven questions .... IS 12 

N« 2,041 2,009 



'British wording; "The continents are moi/jng slowly about on the surfac of 
the earth," 

Sm appendix table 8-3. 
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Text table e-3. U.S., British, and European 
Community publics' knowledge of facts 
regarding actronomy 



Percent answering 
coffect'y 

U.S. Britain EC : ^> 
(1988) (19B8) (1989) ? 



"In the entire universe, tiiere are 
thousands of planets like our own on 
which life could have developed." 


67 


NA 


NA 


"The universe began with a huge 


54 


64 


NA 


"Does the earth go around the sun, or 
does the sun go around the earth?" . . 


73 


63 


83 


"How long does It take for the eaith to 


45 


34 


63 



N« 2.011 2,009 i^'?78 



Ni*- Not asked. ; : 

^Question was asked only of those who said earth goes around sun. ■ 
Perconiages are based on total sample. 

See appendix table 8*4. 
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of ma'ien Those who do not know the relative sizes of 
electrons and atoms a * ' unlikely to have much compre- 
hension of the structure of matter. 

It is often more useful to look at the numbers who 
answered a group of questions, correctly rather ihan look 
at individual questions. Individual questions can be an- 
swered correctly by guessing,^^^ but it is not likely that 
someone can guess all the correct answers to a set of 
questions. Only 15 percent of American respondents were 
able to answer all the listed questions correctly. (See text 
table 8-2.) 

British respondents, who were asked the same set of 
qu<»stiors, did a little worse. While they scored about the 
same as Americans on several questions, they did relative- 
ly poorly on the questions abojt oxygen coming from 
plants and electrons being smaller than atoms; overall 
only 12 percent answered all the questions correctly.^^ 

Astronomy. Some disappointing results were also ob- 
tained regarding public :no wledge about astronomy. (See 
text table 8-3.) Whih most people knew that the earth 
moves around the sun, 21 percent of American respon- 
dents thought the sun movea ground the earth and 7 
percent had no anwswer. (See appendix table 8-4.) Even 
more British respondents answered incorrectly. In both 
countries, about 19 percent of respondents knew that the 



^^hus, the percentage of the public that actually knows some item of 
scientific informatio. be lower than reported here in many cases. 

^^Many of the items on text table 8-2 and later tables were developed 
by the Oxford University /Social and Community Planning Research 
team as part of the "Oxford Scientific Knowledge Scale." 



earth goes around the sun, but thought that this motion 
takes one day or one month; another 8 percent to 10 
percent knew the earth goes around the sun, but did not 
know how long it takes. 

The same two questions were askf?d in a 1989 survey of 
the 12 countries of the European Community.^ In the 
European Community as a whole, the perceritage that 
knew that the earth goes around *he sun was higher than 
in the U.S. anu British surveys. Oniy 11 perceni thought 
the sun goes around the earth. (See text table 8-3 and 
appendix table 8-4.) 

The question about whether the universe began with a 
huge explosion (the "Big Bang") was answered correctly 
by a majority in both the United States and Britain. (See 
text table 8-3.) The U.S. response was characterized by a 
large percentage saying that was "definitely true," while 
another large percentage had no answer. (See appendix 
table 8-4.) 

A related survc?y in 1986 studied the cosmological beliefs 
of Americans more deeply .^^ Fifty-five percent understood 
that the sun is a star like millions of others; 37 percent said 
that the sun will eventually burn out, thus showing an 



"Interviewing was done in March and April 1989 by survey institutes 
in the individual countries, with coordination by the Faits et Opinions 
organization in Paris. Sample sizes were about UKX) in each country — 
except for the United Kingdom (1 ,276) and Luxembourg (303)— fjr a total 
sample size of 11 ,678. To estimate the average for the ontir'* European 
Community, responses from the individual countries were weighted 
according to national population counts of persons 15 years of age or 
older. See CHC (1989). 

^Lightman and Miller (1989). 



/ understanding of the impermanent nature of stars. The 
. : large numbers who beUeve in unidentified fiying objects 
I from other civilizations suggest a failure to understand the 
- cosmic scale of distances and the consequent time it would 
^v^.take to travel from another star system to ours.^* 

An understanding of the Big Bang theory would lead to 
V the conclusion that the universe is getting bigger, but only 
^24 percent of American adults gave that response.^^ About 
^59 percent said the unwerse is remaining constant in size. 
; About 19 percent stated, in response to another question, 

that they would be troubled to leani that the universe is 

expanding. 

The most important characteristic of respondents in 
predicting their cosmological understanding was educa- 
tion. Other significant characteristics, in order of impor- 
tance, were: 

• Gender (men tended to have more understanding), 

• Age (the 30- to 49-year-old age group had more cos- 
mological understanding than younger or older 
groups), and 

• Chuich membership (nonmembers had more under- 
stand ^26 

Probabi ^ An important dimension of science Ut- 
eracy is mathematical literacy, the ability to comprehend 
magnitude'^ and make simple estimations. One aspect of 
mathematical facility is comprehending statements about 
probability. The U.S. and British publics did relatively well 
in this area. (See text table 8-4.) The question asked for the 
meaning of the statement that a couple has a "one in four 
chance" of having a child who will inherit a certain illness. 
Respondents were offered four possible interpretations of 
that statement, of which only one was correct. 

Most respoitdents were able to recognize and reject the 
wrong interpretations and endorse the right one. (Sf^e text 
table 8-4.) Americans did better than the British in rejecting 
the wrong responses, but they also rejected the right r<=- 
sponse more frequently— 23 percent rejected option c. (See 
appendix table 8-5.) As a resuli, more Britons than Amer- 
icans got all four questions right, though more Americans 
got three right. 

Health. Some items of scientific ^cnowledge are not 
only of intellectual interest, but can also affect the way 
people behave. This is especially true for information 
about health. When American and British respondents 
were asked a set of health questions, their responses were 
very similar. (See text table 8-5.) There was a very high 
level of recogni tion tiiat sunlight can cause '^^kin cancer and 
that cigarette smoking causes lung cancer. A majority 
knew that radioactive milk canr ot be made safe by boiling 
it,^ However, only a small minority knew that antibiotics 



^*In 1985, 43 percent of American respondents said that "It is likely that 
some of the unidentified flying objects that have been rep':>rted are really 
space vehicles from other civilizations " NSB (1987), p. 154. In 1988, 
a question that was similar but encouraged more "don't know" responses 
received 25 percent affirmative answers and 32 percent "don't know." 

"Lightman and Miller (1989). 

^^ese effects are calculated independently, so that any difference in 
education between the genders, for exair.ple, is corrected for. 

^'Accordins to news stories, this was a practical iisue for some Soviet 
citizens immediately after the Chernobyl accident. 



Text table 8-4. U.S. and British publics' 
understanding of probability: 1986 



Percent 
answering 
correctly 





U.S. 


Britain 


**Now, think about this situation. A doctor tells a 
couple that their ganetic makeup means that 
they Ve got a one In four chance of having a 
child with an inherited illness/^ . ' 






a. "Does this mean that If they have only 
thraechlldren, none will have the Illness?" . . . 


67 


84 


b "Dofis thifi mfikn that if thsir flrfit child Haa 

the Illness, the next three will not?" . . ... ..... 


86 


80 


c. "Does this mean that each of the couple's 
children has the same risk of suffering from 
the Illness?" ........ ... . ........ ..... . . . 


72 


82 


d. "Does this mean that If their first three 
children are healthy, the fouith will have the 
•Illness?" . . ....... .... . . . . . . . 


84 


80 


Correct responses to all four questions 


57 


66 


■' N« 


2,041 


2,009 



See appendix table 8-5. 
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cannot kill viruses. This lack of information could be im* 
portant to <*omeone who is being treated for influenza, or 
to someore who expects a cancer cure in the near future. 

American and British respondents wero also asked 
whether certain things contribute to heart disease. (See text 
table 8-5.) Almost all recognized that stress, smoking, not 
exercising, and eating animal fat do contribute. However, 
there was confusion about four other possible causes: not 
eating fresh fruit, lack of vitamins, not eating much fiber, 
and eating food with additives. In the first three cases, 
roughly as many people thought they caused heart disease 
as thought they did not. (See appendix table 8-6.) There 
was especially strong feeling that food additives can con- 
tribute to heart disease. It is possible that the public has 
absorbed a set of rules about good health habits (e.g., eat 
vitamins, don't eat fat) without knowing exactly wHch 
sicknesses these rules are intended to prevent. 

Only 7 percent of American respondents, and 9 percent 
of the British, knew exactly which items do and do not 
cause heart disease. Responses from the two countries 
were very similar, except that there may be less concern in 
Britain about the effect of eating animal fat.^^ 



'^U.S. and British respondents were also asked which is the most 
serious cause of heart disease in their country today. The three most 
frequently mentioned items in the VS. weresmoking (38 percent), eating 
animal fat 125 percent), and stress (18 percent). In Britain, this order was 
somewhat reversed, as respondents reported smoking (41 percent), stress 
(27 percent), and eating animal fat (20 percent). 
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TBxt table 8-5. U.S. and British publics' knowledge 
abouf health: 1988 



Percent 
answering 
correctly 

U.S. Britain 



"Sunlight can cause skin cancer." 97 94 

"Cigarette smoking causes lung cancer." .... 96 NA 
"Radioactive milk can be made safe by 

boiling h." 64 65 

"Antibiotics kill viruses as well as bacteria." . . . 2S 28 

Items contributing to heart disease 

Stress — — 96 95 

Smoking 95 93 

Not getting much exercise 95 91 

Eating a lot of animal fat 94 87 

Eating very little fresh fruit ^ 47 

Lack of vitamins 43 39 

Eating very little flt>er 41 45 

Eating food with a lot ci additives 25 29 

Correct response on all eight Items 7 9 



Ni- 2,041 2.C09 



NA«r Not asked. 
See appendix tab lea-6. 
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Hu^an Origins. Quite a different sort of scientific in- 
formation has to do with the origins of the human species, 
This issue is not only connected with scientific literacy, but 
also with c<ntiscicntific beliefs, which are discussed in the 
next section of this chapter. Nearly ha'f of Americans 
believe that the human species is descended from earlier 
animals, while the percentage o\ British who beheve this 
is much higher.^^ (See text tabl* ^-6.) Nearly as many 
Americans reject human evolution (43 percent) as accept 
it. (See ai^pendix table 8-7.) In Britain, as well as in Japan, 
there is no group l f comparable size that opposes the idea 
of human evolution.^° 

The same question was asked in all 12 countries of the 
European Community in 1989. (See text table 8-6 and 
appeiidix table 8-7.) For the Community as a whole, there 
was a higher percentage answering correctly and a lower 
percentage answering incor ectly (only 24 percent) than in 
the United States. No European Community country had 
as large a minority opposed to human evolution as the 
United States has. According to preliminary data, the high- 
est levels of rejection of evolution in the European Com- 
munity were in The Netherlands (35 percent) and in Ire- 
land (32 percent). 



^'iThe British quejtion allou^d both "definitely true" and "probably 
true" as answers; the U.S. question did not. This may have caused a small 
increase in the relative m oers of Britons giving a positive answer, but 
there is still not nearly the same percentage of Britons as Americans giving 
a negative answer to the evolution question. (See appendix table 8-7.) 

^or Japanese attitudes on this subject, see NSB (1987), pp. i53-55. 



Text table 8«6. Beliefs of U.S., British, and European 
Community publics regarding human origins 



PeiJdnt answdring 
correctly 

U.S. Britain cC 
(1388) (1988) (1989) 


*'Human beings as we know them 




today developed from e«irlier species 






. 46 79 62 


"The earliest humans lived at the 






. 37 46 47 




2,041 2,009 11,678 



NA» Not asked. 

^ British response Includes both "definitely true" and "probably true.*' 
See appendix table 8*7. 
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American and British respondents were also asked 
whether early humans hved at the same time as the di- 
nosaurs. (See text table 8-6.) More Americans gave the 
incorrect answer than the correct one to this question. (See 
appendix table 8-7.) This may be due to the frequent 
depiction of humans and dinosaurs together in popular 
comics and films, hke the Flintstones. 

Interestmgly, 48 percent of those Americans who be- 
lieved in human evolution mistakenly believed that hu- 
mans hved at the same time as dinosaurs. About as many 
(44 percent) of those who did not believe in evolution 
similarly believed humans and dinosaurs shared the earth 
for a time. Many people do not seem to recognize the long 
periods of time and the relatively late appearance of hu- 
mans that the theory of evolution involves. This is true 
equally of those who accept evolution and of those who 
do not In all, only 18 percent of American respondents 
both believed in human evolution and knew that humans 
and dinosaurs did not coexist. 

More British than American respondents knew that hu- 
mans did not live at the same time as dinosaurs. (See text 
table 8-6.) In the case of the British, 33 percent of those who 
believed in human evolution believed that humans hved 
at the time of the dinosaurs, while 30 percent of those who 
did not believe in evnlution believed that humans and 
dinosaurs coexisted. * .gain, there is Uttle connection be- 
tween the responses to the two questions. About 38 per- 
cent of the British believed that human evolution is "def- 
initely true" or "probably true" and also km^w that 
humans did not live in the time of the dinosaurs. 

In the United States, human evolution is accepted more 

Oftf 

« B> maks than by females — 52 percent versus 40 per- 
cent, 

• By younger people (those aged 1 8 io 24) than by those 
65 and older — 54 percent versus 37 percent, and 
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• By the more educated (college graduates) than by the 
less educated (those who did not finish high school)-— 
63 percent versa . percent. 

Scientilic and Other World Pictures 

Characteristics of Those WIto Accept/Reject Scientific 
Conclusions. A recent analysis of the present set of U.S. 
:; and British data looked for the characteristics of those who 
accept or reject scientific conclusions in the areas of cos- 
-^mology and evolutionary theory/"^^ Reviewing the data 
" discussed above, the study found that more Britons than 
Americans accept the Big Bang theory of the origin of the 
universe— 64 percent versus 54 percent. (See text table 8-3.) 
It also found a very large difference in the number oif 
Britons and Americans who accept human evolution— 79 
percent versus 46 percent. (See text table 8-6.) 

The responses to these two questions were analyzed in 
terms of the responses to two others: (1) whether humans 
existed at the same time as dinosaurs (see text table 8-6), 
and (2) whether we depend too much on science and not 
enough on faith (see text table 8-10). 

In both countries, a respondent's acceptance of human 
evolution is strongly associated with his or her acceptance 
of the Big Bang. Those who believed that we should de- 
pend more on faith were especially likely to reject human 
evolution; they were somewhat less likely to reject the Big 
Bang. The connection between reliance on faith and rejec- 
tion of human evolution was particularly strong in the 
United States. 

Further analysis found that the British responses to the 
Big Bang question could be explained entirely in terms of 
the respondents' levels of scientific knov/ledge — i.e., no 
effect was due to respondent education or religious belief. 
In the case of human evolution, however, both scientific 
knowledge and religious belief emerged as significant ex- 
planatory variables. Comparable data are not available for 
the United States.^2 

Limits of Scientific Method. While the U.S. public has 
considerable respect for science, it clearly has other inter- 
ests. Many people feel that science is a limited field of 
study and that many important areas of life cannot be 
understood in scientific terms. For example, a majority of 
Americans believes that scientists will never be able to 
understand the workings of the human mind as well as 
they understand the physical world, and a large majority 
believes that there are good ways of treating sickness that 
medical science does not recognize.^^ 

The general question of what things cannot be studied 
scientifically was asked of the U.S. public in 1957 and 1988. 
(See text table 8-7.) In 1 988, a majority believed that science 
can delve into anything. This is more tht^n the number who 
gave that answer in 1957, but in that year there was an 
especially large number who had no opinion. 



^^See Evansand Durant (1989); also Durant, Evans, and Thomas (1989). 

^^However, the 1985 survey of U.S. adult public altitudes toward 
scienceand technology (reported in NSB, 1987, chapter 8) found— among 
other things— that 14 percent of church members "strongly disagreed" 
with human evolution, while only 3 percent of nonmembers did so. 

*^NSBa987);p, 156. 



Text table 8-7. Public belief about the limits of the 
scientific approach: 1957 and 1968 



1988 



(Percent) 

Science cannot study 

:Som6 thingsi but cannot say what 6 

: Retlglon. God, faith , . . . . 12 

Human jbehdvlofi thought 6 

Nature: remote parts, origin; disease 4 

Values, humanities, literature 2 

Spiritual^ unknown « 1 . 

Other 1 

Science can study anything 59 

Don1 know/no answer , « 8 



N- 2,041 

V - ' ^ 19S7 

Science cannot study 

Some things, but don't know what they are ... 13 

. Religion, fuith, the Bible • . :5 

Human behavior, thought . 4 

: .^ritual realms ar.d beings 2 . 

Aesthetic things, art, beauty , , 1 

Humanistic areas, history, philosophy . 1 

Other mlsoettaneqijs areas 3 . 

Science can study anything 47 

Don't know/no answer ..................... 26 



N« 1.919 

1988: "Aie there any things that cannot te studied cdsntlflcally ?" ' ' • ' 
IF YES: "W1i&. some things that cannot be studied scientifically?*' 
1 957; "Are th^re any things that can't be studfod scientifically?'' 
Note: Multiple answers were accepted In 1 957. 
SOURCES: Sun/^y Research Center (1958); Miller (1989a). 
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Of the respondents who thought that some things can- 
not be studied scientifically, few in either year could name 
anything specifically. The answers that were given tended 
to center on the spiritual or religious. Other answers 
broadly referred to human thought and values. For some 
respondents, human origins evidently fall into this human 
and religious area that is outside the scope of science. 

Nonscientific Beliefs. Large portions of the public 
hold beliefs that are inconsistent with the scientific world 
picture. For example, 44 percent believed in 1985 that 
rocket launchings and other space activities have caused 
changes in our weather.^ This is inconsistent with scien- 
tific knowledge about the causes of weather changes or the 
effect something as small as a rocket could have on the 
atmosphere. In 1988,37 percentofAmericansbelieved that 
some numbers are especially lucky for some pet^ple.^^ 

^SQe NSBUTO p. 154. 

^In addition, 58 porauit disagreed and 5 percent had no opinion. 
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Again, number mysticism in its various forms is incom- 
patible with the kind of causality recognized by science. 

Astrology offers an especially interesting alternative to 
the scientific world picture. Influences of a kind that sci- 
ence does not recognize, coming from various astral bod- 
ies, are supposed to affect the characters of individuals and 
what happe: them. Knowledge of these influences is 
supposed to help in predicting the future, somewhat in the 
way the laws of a given science are used in making predic- 
tions. Technical language, charts, and calculations are em- 
ployed thdt have some resemblance to those employed in 
the sciences, especially astronomy. 

Perhaps because of these similarities, a significant por- 
tion of the public has astrology somewhat confused with 
science. (See text table 8-8.) While not many consider as- 
trology ''very scientific,'' a large minority regards it as 
''sort of scientific"; 37 percent give one answer or the other. 
On the other hand, the number who consider astrology 
"not at all scientific" has increased since 1979. The scien- 
tific status of astrology is accepted more often by women 
than by men, by those in the youngest age group (18 to 24), 
and by those with the least education. (See appendix table 
8-8.) 

While 17 percent of Americans say they read their per- 
sonal astrology reports "every day" or "quite often,'' the 
number who say they act on thest* reports is much smaller, 
in the range of 5 percent to 8 percent. (See text table 8-8.) 
However, in view of the social stigma sometimes attached 
to such practices as astrology, the actual frequency may be 
higher than reported here. The same variation with gen- 
der, age, and education is seen as with the question on 
whether astrology is scientific. (See appendix table 8-8.) 



Text tPble 8-8. Public attttudes toward astrology 

"I! 1979 1 985 1986 

• — Percent-: — 



"Would you say that astrology Is very 
scientific* sort of scientific, or not at all 
scientific?" 







8 


6 






31 


31 






57 


CO 






4 


3 



"In your daily life, dp you sometimes 

decide to do or not to do something 

because your astrological signs for the 

day are favorable or unfavorable?* 

Yes 5 8 6 

No , 95 88 94 

Don't know/no answer , NA 4 0 

1.635 2.005 2,041 

NA- Not asked. 
See appendix table 8-8. 
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Those respondents who said in 1988 that they act on 
their astrological forecasts were further asked what those 
actions were. Few^er than half gave an answer. Of the 
answers given, many had to do with being careful about 
traveling or going out. Not spending money was the sub- 
ject mentioned next in frequency. 

In some respects, the British public shows more support 
for astrology than does the U.S. public. While only 6 per- 
cent of Americans consider astrology very scientific, at 
least 12 percent of Britons do.^The readership of personal 
as'rology reports is greater in Britain than in the United 
States.^'^The number of Britons who claim to take horo- 
scopes "very seriously'' oi ''seriously'' is 6 percent; about 
that many Americans say they act on horoscopes. 

'similarly, the numb<^r of Britons who say they are se- 
rious or very serious about practices like touching wood 
or not walking under ladders is about 18 percent. As 
suggested above, reports of this kind are likely to be un- 
derstated. 

PUBLIC ATTITUDES 

It xs valuable to know the level of public science and 
technology literacy, as discussed abov^, but it is also im- 
{.ortant to know the feelings the public has about science 
and technology. In a democratic society, decisionmakers 
need to be aware of the degree to which the public sup- 
ports certain S&T-related policies. It is equally important 
for those professionally involved with S&T to know the 
areas in which they hav^ much or little public support. 
This section discusses the attitudes of the U.S« public to- 
ward science in general, its attitudes toward scientists^ and 
its attitudes regarding some specific areas of policy that 
concern science and technology. Where possible, com- 
parisons are made with earlier U.S. data and with the data 
recently obtained in the parallel British survey. 

Attitudes Toward Science in General 

Questions about the publics overall approval or disap- 
proval of science have been asked in national surveys at 
least since 1957. In that year^ the National Association of 
Science Writers sponsored a major survey of public inter- 
est, attitudes; information acquisition, and information 
needs regarding science.^ This survey was the benchmark 
for all later studies^ since it was performed just before the 
launching of Sputnik and the consequent changes in 
American attitudes and policies regarding S&T. 

One of the 1957 questions that asked about general 
public support for r dence was repeated in the 1988 survey. 
(See text table 8-9.) Interestingly, there was virtually no 
change between the two surveys in the high peicentage of 
respondents who believed that the world is better off 



•^TheBritishquoslionnsked respondents to placeastrologyonaS-point 
scale, ranging from 1 for "not at all scientific" to 5 for "very scientific." 
Twelve percent scored astrology 5, and 14 percent scored it 4, Therefore, 
between 12 percent and 26 percent of Briionsgavean answer equivalent 
to "very scientific" in the American version of the question. 

^'Sixty-three percent of Americans, but 72 percent of Britons, say they 
read horoscopes at least r»times* 

^ee Survey Research * or (1958). 
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: Text table 8-9. U.S. and British assessments of the 
benefits and hams due to science 

• • United states : \r- - v -^^ . 1957 1988 



"Atl things consld^red^ would you say that the 
world is better off or worse off t>ecaus6 of 

•science?'^': t:v'--5-^A^ v^-" 

Better 88 88 

. Both' 3 4 

Worse 3 7 

Don*t know/no answer 6 1 



No 1,919 999 



'^Science will solve our social problems like crime 
and mental Illness. / 

^ Agree . . . . . 47 23 

Disagree 45 75 

Dor)'i know^^^ 8 2 



Nn 1,919 1.481 



Britain ■ : ■ • ■ " 

'The benefits of sdence are greater than any 
harmful effects. 

: : Agree : ... t NA 44 

^ NA 18 

; xDlsaflree NA 32 

NA 6 

v';-:;F^'^^ N« 2.009 



^i^Vbiun^^^ respondent. 

CafHJWFKJ (1988), 366. 

: See appendix table 8*9. 
^v/ Science i Engineering Indicator^lQSy 



Text table 8-10. U.S. and British publiss' 
assessment of the effects of science on 
everyday velues 



U.S. Britain 



1957 1988 1986 



Percent — 



a. "Science is making our lives healthier, 
easier, and noore comfortable." 







85 


73 


Neither 






12 




.... 3 


13 


14 


Don't know/no answer 


.... 3 


2 


1 



b. "Science makes our way of life change 
too fast." 







40 


49 








16 




51 


59 


32 






2 


3 



c. "One of ^he t?ad effects of science is 
that U breaks down people's ideas of right 
and wrong;' 





23 


33 


NA 






67 


61 


NA 






10 


6 


NA 




"We depend too much on sclenct^ and 










3t enough on faith." 












SO 


51 


44 






13 




19 






21 


43 


34 




Oonl know/no answer 


16 


6 


2 


f 


Urn 


1,019 


2,041 


2,009 





NA m This question not asked these respondents; thisoptlonnot offered 
these respondents. 

jNote: For variations In question wording, see appendix table 8*10. 
See appendix table 6*10. 
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because of science. This consistency remains despite a long 
time lapse and the many events involving S&T that have 
occurred in public life, such as technological accidents; 
increased awareness of environmental pollution, and new 
medical discoveries. 

Of course, someattitudes have changed over the31-year 
period. For example, the number of people who believe 
that science will solve social problems like crime and 
mental illness has dropped significantly. (See text table 
8«9.) This may reflect a more realistic contemporary view 
of the powers of science, but the public still does not 
withhold its overall support. The same conclusion can be 
drawn from the responses to two other questions that 
compare thi benefits with the harms due to science. (See 
appendix table 8-9.) During the 1972-88 period, there have 
been yearly fluctuations, but— overall— the public over- 
whelmingly believes that the benefits of science outweigh 
the harmful effects. 

A similar, though not identical, question about the ben- 
efits of science was asked in the British survey. (See text 



table 8-9.) There are enough negative responses to suggest 
strongly that the British pi^'/c is not as convinced of the 
benefits of science as is the American public. 

Four other questions repeated from 1957 also reflect 
broad public feelings about science. (See text table 8-10.) 
Substantial majorities of Americans continue to believe 
that science is making our lives healthier, easier, and more 
comfortable (question a) and that science does not break 
down people's ideas of right and wrong (question c}. In 
both cases, however, there was less support for science in 
1988 than in 1957. Apparently, the more negative senti- 
ments actually developed between 1957 and 1979. Addi- 
tional data show that little change in the responses to these 
two questions is seen from 1979 to 1988. (See appendix 
table 8-10.)^^ 



^ince appendix tabic 8-9 shows virtually no change In the level of 
public support forscierxoin the 1970s, seems fair to say that any decline 
in public support took place sometime between 1957 and 1972. 



171 

184 



As for whether science makes our way of life change too 
fast (question b), and whether we depend too much on 
' science and not enough on faith (question d), the numbers 
who reject these negative assessments may actually have 
increased slightly from 1957 to 1988. This would be a 
positive development in public opinion toward science.^" 
Britons are more likely than Americans to agree that 
science makes our way of life change too fast (question b); 
also, fewer Britons seem to agree that science makes our 
lives healthier, easier, and more comfortable (question a).*' 
(See text table 8 -10.) These results are consistent with those 
on text table 8-9, and reflect the fact that Americans express 
morepositi^'e overall assessments. In general, the support 
of science on the part of the U.S. public—when expressed 
in very broad tei-ms— seems to have held up quite well 
since 1957, though dissenting opinions increased in some 
areas between 1957 and 1979. 



Attitudes Toward Scientists 

The public's broad feelings about scientists are also of 
interest. For example, when students are deciding whether 
to pursue a career in rcience, the general picture they or 
their parents have of scientists as persons may influence 
their choice. Also, the scientific community issues various 
kinds of information and /or warnings to the public in 
connection with health and diet, environmental •Pollution, 
energy sources, the need for funding different research 
facilities, etc. The public's acceptt^nce of these communica- 
tions can be affected by the level of confidence it has in 
scientists and its attitudes about f^^m. 

One measure of the public's vit*v of scientists is the 
degree of confidence it has in leaders of the scientific 
community compared with those in other public institu- 
tions.' (See figure 8-1.) This indicator is understood to 
represent the level of confidence in the institutions them- 
selves.^2 

Since 1973, the scientific community has almost always 
ranked second only to medicine among the 13 institutions 
surveyed. (For the entire list of institutions, see appendix 
table 8-11.) This is a strong indication of support for sci- 
ence; more so since medicine is also a highly science- 

*"In early 1988, the National Opinion Research Center fielded two 
questions identical with those on text tahleS-lO. The responses— obtained 
by personal interview rather than by telephone and with a different 
sample— were very similar to those on the table ajid lend support to the 
quality of the present data. To question b, the responses were: 

• Agree— 40 percent, 

• Disagree— 58 percent, and 

• Don't know/no answer- -2 percent. 
To question c, the responses were: 

• Agree— 32 percent 

• Disagrce-'dS percent, and 

• Don't know/no answer— 3 percent. 

The sample size was 1,481, See NORC (1988), p. 366. 

^'Comparison is complicated by the existence of the middle response 
category in the British, but not the American, administration of these 
questions. The middle category does not affect the greit difference be- 
tween thc> U.S. and British responses on question b, and it probably does 
not on question a. In the case of question d, however, the large percentage 
responding "neither" on ihe British survey precludes comparison with 
the U.S. result. 

"Smith (1981). 



oriented profession. While there are distinct year-to-year 
fluctuations, the general trend is that the average level of 
confidence in all these institutions has decreased since the 
early 1970s. During this time, the scientific community has 
gained in relation to the average for all institutions. (See 
appendix text table 8-11 .) 

Other results allow current attitudes toward scientists 
to be compared with those expressed in 1957. (See text 
table 8-11.) A large majority agrees that most scientists 
want to work on things that will make life better for the 
average person, and a substantial majority disagrees with 
the statement that scientists are prying into things they 
ought to stay out of. For both statements, however, sup- 
port for science was lower in 1988 than in 1957. This is 
consistent with the earlier results that show public support 
remaining high, but not as high as m 1957. Another ques- 
tion asked whether scientific researchers have a power that 
makes them dangerous. Again, a majority rejecteil the 
critical opinion in 1988. In 1985, however, a majority be- 
lieved that scientists are dangerous. 

These questions are useful for identifying trends in the 
general public feeling about scientists and also for iden- 
tifying those groups within the public that are less sup- 
portive of science. For example, suspicion of the power of 
scientists was strongly dependent on level of education in 
1988, with 52 percent of those lack'ng a high school di- 
ploma believing that scientists are dangerous. Similarly, 
there is a dependence on age: 48 percent of those over age 
65 take that view. Those least likely to consider scientists 
dangerous are college-educated, aged 25 to 34, and male. 



Figure 8-1. 

Percentage of public expressing gnat confidence in 
people running selected Institutions 




1973 76 77 79 81 63 85 87 89 
See appendix table 8-11 . 
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T«xt table 8>11. Public attitudes toward scientists 

iv^ : ■ . - •• • • • 1957 1988 

-Percent-- 

~ :'*Mo$t scientists w^nt to work on things that will 
make llfebetter for the average person." 
- Agree • •.• • • ••••••«• 90 dO 

: " ' Disagree ; , . . . . . — , , s 17 

K<^ ^i^ Oon1 know/no answer 5 3 



Text table 8-12« U«S. public's view of dangerous 
powers possessed by scientists: 1988 



N» 1,919 2,041 



"Scientists always seem to be prying into things 
they reallycught to stay out of." 

• -Agree ........... 22 34 

;;Dlsagree 70 64 

\^Ponlknw/no answer 6 2 



N- 1,919 1.481 



1985 1988 



""Because of their knowledge, scieiitific 
■ researchers have a power that makes them 
^dangerous.*' . 

Agree 55 38 

r^Dlsflflfse . V. 42 69 

l>Dpn*ttaTOw/fw answer 4 3 



N «= 2,005 2,041 



SOURCES: Sun/ey Ramrch Center (1956); Miller (1985); Miller (1989a): 
NPRC(1968). 
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Those 1988 respondents who considered scientists to 
have dangerous powers (38 percent of those interviewed) 
were further asked what these dangerous powers were. A 
large portion could not give a definite answer. (See text 
table 8-12.) Of the answers given, the most commonly 
mentioned area by far had to do with nuclear power, 
nuclear weapons, and radiation. There was also some 
mention of biological research and weapons in general. 



Attitudes About Specific Policy Areas 

A number of specific policy areas were selected for 
special study. These supplement the broad questions dis- 
cussed above by moving away from science in general into 
matters of practical concern. One issue is whether people 
express the same level of support for science when spe- 
cifics are involved rather than broad notions regarding 
science in general. 

Priorities for Public Spending* One measure of public 
support for science is whether the public wishes the 
government to spend more for it. The U.S. public was 
asked about this in 1981 and again in 1988. (See text table 
8-13.) Scientific research was put on a list of possible areas 
for public funding, in order to compare the public's inter- 
est in more science with its interest in other important 
matters that call for government funding. As the table 



Area mentioned 



Percent 
mentioning 



Nuclear. ii 

Biological * '. ... S 

Weapons (nonnuclear) 4 

Indlvidual qulrke 1 

Chemicals l 

Environmental effects 1 

Religion 1 

Vague, no answer 13 

Not asked' 62 

' " ■ N« 2.041 



*'W}i9n you think about sclentlfio researchers who have powers that make 
them dangorous. what Kinds of powers do you have in mind?" 

^Question was asked only of those who had prevlousty answered that 
sdentific researchers have a power that makes them dangerous. 

Note: A fuller statement of the responses comprised undsir these headings 
Isglven In appendix table 8rl2. .^ ^ • > y 

SOURCE: Mliler{1989a). 
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showS; thfi public considers several other areas of public 
policy to require increased hinding more urgently than 
does pure science. Some of these areas— like reducing 
pollution and improving health care — require the applica- 
tion of science. From 1981 to 1988, there was a substantial 
increase in public interest in improving education, reduc- 
ing pollution, improving health care, and helping low-in- 
come persons. By contrast, the level of support for more 
pure science funding changed hardly at all over this pe- 
riod. 

The space program, which is also S&T-related, has lower 
public support than scientific research as such. Public 
interest in supporting the space program also did not 
change much from 1981 to 1988. On the other hand, there 
was a large drop in the percentage of the public who 
wished to see more defense expenditures.^^ 

More detailed information shows that of all the fields 
listed, the publi : is most neutral about science. (See appen- 
dix table 8-13.) f ^cntific research is the only policy area in 
which more people feel that the "right amount" is being 
spent, rather than either "too much" or "too little." Nega- 
tive reactions are frequently expressed for space explora- 
tion and national defense, while most people want more 
spending in the other areas. The lukewarm reaction to 
more science spending may reflect the general feeling that 
science is a good thing, but not as appealing as other areas 



*^An experiment was run in the 1 988 survey to see whether the wording 
of the i]iieHtion about defense had a significant effect on the response. (See 
text table 8-13.) The re.sultf> siiow that there seems to be some effect: the 
public dislikes the notion of "weapons." In any case, the drop in interest 
in defense spending from 1981 to 1988 appears to be substantial regard- 
less of wording. 
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Text table 8-13. U.S. and British pubile support 
for increased government spending on 
certain problems 

U.S. Britain 



Problem area 1981 1968 1988 



Percent — 

Helping older people 73 76 80 

Improving education 61 76 78 

Reducing pollution 52 76 64 

Improving health car© 60 67 85 

Helping low-Income persons 44 55 72 

Supporting scientific research 32 34 47 

Exploring space 18 17 12 

Developing and improving weapons for , 

national defense 33 n/\ fgA 

Improving national defense' NA 17 NA 

Developing weapons for nation al defense' NA 11 7 

N« 1,655 2.041 2,009 



"We are faced with many problems In this countfy. I'm going to name some 
of these problems, and for ea-'h one, I'd like you to tell me If you think that • 
the government is spending too little money on It, about the right amount, or 
too much." 

NA« Not asked. 

Note: Wording shown is for 1 988 U.S. survey. Slightly dtffarent wording was 
used In 1981 and British survey. 

'In 1988, the U.S. sample was divided, so that 999 answered this question 
with the first wording, and 1 ,042 answered It with the second wording, 
SOURCES: Miller (1982), table 13; Miller (1989a); and Oxford (1988). 
See appendix table 8*13. 
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where the usefulness of spending is more direct and im- 
mediate. 

A related question asked the American respondents 
"Even if it brings no immediate benefits, scientific research 
which advances the frontiers of knowledge is necessary 
and should be supported by the Federal Government." 
Eighty-one percent of the respondents agreed with this (79 
percent in 1985); this shows overwhelming support for the 
idea that basic research is a suitable subject for Federal 
support. 

British respondents were also asked about the areas in 
which they would like to see more or less government 
funding. (Sue text table 8-1 3.) They showed especially high 
interest in improving health care and helping older people 
and little interest in weapons for rational defense. With 
regard to scientific research, they se; m to have a greater 
desire for increased government funding than Americans 
have. 

Govemmeht Regulation of Various Areas ofSciet. .e and 
Technologif. Another area in which the public can ex- 
press its feeling about science and technology has to do 
with its desire to see more or less regulation of them. The 
desire for more regulation is an expression of some kind 
of fear or concern. Substantial minorities of Americans 
think that more regulation is noeded in some areas. (See 



text table 8-14.) Basic scientific research does not arouse as 
much concernas chemical food additives or nuclear power 
plants, which affect the public directly. However, about a 
quarter of the public would like to see more regulation of 
basic research, and the number wishing to see such regula- 
tion seems to have increased since 1985. The only instance 
in which the desire for more regulation has decreased 
involves new pharmaceutical products. This may be re- 
lated to the increased public interest in the development 
and dissemination of drugs to treat AIDS and similar 
diseases. 

In most cases, a majority or plurality of respondents 
believes that the present level of regulation is about right. 
(See appendix table 8-14.) The exception is food additives; 
here, a plurality wants more regulation." Food additives 
and nuclear power plants are also the areas in which there 
are large percentages on the side of both more and less 
regulation. 

In terms of demographics; 

• More women than men want to increase regulation of 
food additives; more women also want to decrease it. 
(Men tend to be neutral.) 

• Young people (18 to 24 years old) especially want less 
regulation of nuclear power. They also definitely op- 
pose regulation of food additives, while older people 
are definitely in favor. 

• The effect of education is quite straightforward: bet- 
ter-educated people are less in favor of regulating 
either food additives or nuclear plant construction. 

Attitudes About the Effects of Computers and Automa- 
tion on Employment One of the most personal ways in 
w'lich science and technology can affect members of the 
public is in terms of employment— whether they make 
more or fewer jobs available and how they affect the nature 
of people's jobs. Concerns about the effects of "automa- 
tion" and/or "robots" on the nature and availability of 



Text table 8*14. Public support for more regulation 
of various areas of science and technology 

(Percent favoring more regulation) 



Area 1985 1988 

Use of chomlcal additives In foods 38 42 

Constnjctlon of nuclear power plants 29 31 

Conduct of genetic engineering research 20 25 

Conduct of basic scientific research 1 7 23 

Development of new pharmaceutical products . . 21 le 



N » 2,005 2,041 



joing to read you a short list of activities ?iid for «ach one I'd like for 
• I to tell me whether you think that thn present level of governmental 
,ulatlonlstoohioh, too low. nr^^iout right." 

SOURCES: Mll!er{l05&); Mliler (1989a). 

See appendix table 8-14. 
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Tixt table 9-\S, U S. and Britlth publlea' attttudas ; ; K 
toward computara and amploymant and : ; : 
animal raaaarcft 

. ; . , . . .. U.S. . Britain 'J: 

1983 1985 1988 1988 

: ..... ... Percent. , , j y'-v 

Computers and automation will - - 
create more jobs than they will 
eliminate.- 

Agree 42 48 40 34 

Neither' NA NA NA 12 >:y^: 

Olsaflree 52 44 52 60 ' 

Donlknpw 6 ; 8 8 ;j 



Research on animals should be 
permitted If It produces Information . . :. 
abouthealth. 





....... NA 


63 


. :53 . 


. 36 . 


Neither' .... . .. . . .. . 


....... NA 


NA 


NA 


..■■ 9 ■ 


Disagree — ....... 


. .. NA 


30 


42 


53 




....... NA 


7 


5 


2 



N- 1,630 2.005 2,041 2,009 



"0.1 balance, computers apd factory autonwtlon wilt create more jobs than . 
they wiH eliminate.-' . . - : . .^ v:,:.^ a^.; 

1983 wor*r«: "On balance, oomputere will create... 

British wording: "More jobs will be created than loet as a resuU ^ 
; yandfactoryautomatlon/''' " ;■ ■ ^'''''■;";:-:::V-:T":''^ 

V'Scentistd should be allowed to do researdi that causes pain a^ 
; animals Hke dogs and chimpanzees If It produces.new lnfoririatioh>abdut ■ 
; ^^-health problems/* v-: 

1985 wording: ''Studies (sto^^ : 
- ^animals like dogs and chimpanzees, but which prbchice rvew Information 
. , about hurnan disease Of health problems/^ -V^ 
^ V British wording: iJr v^^at^ 
r v^A- Not asked. : . -V^- 

t:?This option was offered to respondents In the British survey but not in the 

ii;;;^.S. surveys. - - 

I? ;$OUBCES: Miller (1983); Miller (1986); Oxford (1988); Miller (ig89a). 
V- :: ^ appendix table 8*15. 
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work have been widely expressed in many countries for 
many years.^ 

On the overall question of whether computers and auto- 
mation will create more jobs than they will eliminate, 
Americans' opinions have fluctuated. (See text table 8-15.) 
In 1988, a small majority believed that more jobs will not 
be created. This is very similar to the response expressed 
in 1983, but not in 1985. The British public appears to be 
slightly more skeptical than the American public as to 
whether computers and automation will create jobs. 

Attitudes About Research on Animals. Extensive con- 
troversy surrounds the issue of scientific experimentation 



more extensive discussion of public altitudes in this area, which 
compares U.S. with Japanese altitudes, can be found in NSB (1987), pp. 
150-52. 



on animals. In some well-known instances, public resis- 
tance has prevented or slowed the construction of lab- 
oratory facilities for such research The U.S. and British 
publics were asked their opinion as to whether research 
that may harm animals should be allowed if it produces 
new information about human health problems. (See text 
table 8-15.) In this context, a small majority of the Amer- 
ican public favors animal research, though not as many as 
in 1985. In Britain/ the majority opposes animal research. 

Although a majority of Americans favors animal re- 
search, a substantial minority is opposed. Further data 
help to show where in the public the support and opposi- 
tion are located. (See appendix table 8-15.) Respondents 
were asked whether they strongly agreed, or only general- 
ly agreed, that animal research should be allowed; or 
whether they strongly, or only generally, opposed it. The 
results show that not many in any demographic group 
strongly support animal research, but that there are some 
groups in which it is strongly opposed. 

Opposition is strongest among women and in the 
youngest age group (i.e., those from 18 to 24 years of age). 
Support for animal research clearly increases in older age 
^"oups. The effect of education is unusual: people with 
a high school diploma are more opposed to animal 
If. jarch than those with more — or less— education. 

Public Support of Space Exploration and Nuclear 
Power. American respondents were asked to assess 
these two areas in terms of their benefits versus the costs 
or risks they entail. In both cases, the level of public sup- 
port was about equal to the level of opposition. (See text 
table 8-1 6.) Also, in both cases there was shghtly less public 
support in 1988 than in the previous survey in 1985. Men 
favor both space exploration and nuclear power to a 



Text labia 8-16/ Public asMssnmht of apace 
exploration and niiciaar power 



Area and a8S88snriGnt " 1985 1988 



- ""Percent- 

Space exptbratlon 

Benefits greater than costs 53 47 

Behefitslif^^ 2 3 

Costs greater than benefits 40 44 

D6f>1km>y/ . s 6 

Nuclear power 

Bsheifiis ijt'^ater than risks 49 42 

Ben0fitseqaalrisks^ 1 3 

Risks greater than benefits 45 48 

OontHnow .it 8 



N « 2.005 2.041 



"tn your opinion, lisve the costs of Space exploration exceeded its benefits, 
or have thebenefita efface e^^f^oratlon exceeded its costs?" 

^Volunteeredby respondents. 

8CHJRCES; Miller (1985); Miller (1968a). 

See appendix table 8-16. 
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greater extent than women do. (See appendix table 8-16.) 
Age does not have a strong effect on attitudes toward the 
space program, except that the oldest group (65 and older) 
is especially opposed, On the other hand, support for 
nuclear power increases among the older groups. Respon- 
dents with more education clearly give more endorsement 
to space exploration. With nuclear power, education is less 
significant and there are large minorities in opposition 
even among college-educated respondents. 

In 1985 and 1986, a study was made of the effect ot the 
Challenger and Chernobyl accidents on public opinion. It 
showed that the Challenger accident in January 1986 had 
been followed by an immediate increase in public support 
for the space program in February 1986. By June 1986, that 
gain had slightly fallen off, when more information had 
been published about the causes of the accident and the 
Rogers Commission report had been issued.*^ More recent 
data show that by 1988, fewer people believed that the 
benefits of the space program exceed its costs than in 
November 1985, before the accident. (See appendix table 
8-1 7.) Thus, in the case of the space program, the increased 
support at the time of the accident has dissipated, and the 
overall trend in support has been negative, 



^'See NSB (1987), pp. 162-65. 



The Chernobyl accident in April 1986 had no immediate 
noticeable effect on Americans' assessment of the 
risk/benefit balance for nuclear power. Similar levels of 
support and opposition were seen in February 1986 and 
June 1986.*^ By July 1988, however, there had evidently 
been an erosion in public support for nuclear power. (See 
appendix table 8-17.) It is not clear how much of this is a 
delayed reaction to the Chernobyl accident. 

The Challenger accident evidently produced an imme- 
diate shift in the levels of public support for science in 
gicneral From November 1985 to February 1986, there was 
an increase in those who felt that the benefits of scientific 
research exceed the harmful results. However, there was 
a sharp decrease in those who felt that the balanc* strongly 
favors beneficial results, with a corresponding increase in 
those who felt the balance is only slightly in favor of benefi- 
cial results. This shift persisted in June 1986, but by 1988, 
it was gone and the levels of supp >r^ expressed in Novem- 
ber 1985 had reappeared. (See appendix table 8-1 7.) In this 
case, the Challenger— and perhaps also the Chernobyl- 
accident had a transient effect on public opinion. 
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Appendix table 1-1. Achievement scares in science, by 
age, gender, and ethnicity: 1970-86 



Gender and ethnicity 1970 19 73 1 977 1 982 1 986 

9-year*olds 

Total 224.9 220.3 219.9 220.9 224.3 

Male 227.6 222.5 222.1 221.0 227.3 

Fenfiale 222.7 218.4 217.7 220.7 221.3 

White 23S.g 231.1 229.6 229.1 231.9 

Black 178.7 176.5 174.9 187.1 196.2 

Hispanic. NA NA 191.9 189.0 199.4 



13-year-olds 

254.9 249.5 247.4 250.2 251.4 

256.8 251.7 251.1 255.7 256.1 
253.0 247.1 243.8 245.0 246.9 
263.4 258.6 256.1 257.3 259.2 

214.9 205.3 208.1 217.2 221.6 
NA NA 213.4 225.5 226 >1 

17-y9ar-olds 



Total 304.8 295.8 289.6 283.3 288.5 

Male 313.8 304.3 297.1 291.9 294.9 

Fenfiale 296.7 288.3 282.3 275.2 282.3 

White ............... 311 .8 303.9 297.7 293.2 297.5 

Black 257.8 250.4 240.3 234.8 252.8 

Hispanic NA NA 262.3 248.7 259.3 



Total . . . 
Male . . . 
Female 
White . . 
Black . . 
Hispanic 



NA« Not available. 

SOURCE: National Assessment of Educational Progress, The Science Report 
Card: Elements of Risk anURecovefy.ReporXHo. 17-S-01 (Princeton; Educational 
Testing Servlcet1968). 

See figures M , 1 -2, 1 -3. and 1 -4; figure 0-1 2 In Overview; and text table M . 
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Appendix table 1-2. Levels of scientific proficiency used in tiie National Assessment of 
Educational Progress to classify student achievement scores 



Level of classification 



Definitions 



Knows everyday science facts 



Understands simple scientific 
principles 

Applies basic scientific information 



Analyzes scientific procedures and 
data 

Integrates specialized scientific 
inforniation 



Students at this level know some general scientific facts of the type that could be learned from everyday 
experiences. They can read simple graphs, match the distinguishing characteristics of animals, and predict 
the operation of familiar apparatus that work according to mechanical principles. 

Students at this level are developing some understanding of simple scientific principles, particularly in the 
life sciences. For example, they exhibit some rudimentary knowledge of the structure and function of plants 
and animals. 

Students at this level can interpret data from simple tables and make inferences about the outcomes of 
experimental procedures. They exhibit knowledge and understanding of the life sciences, including a 
familiarity with some aspects of animal behavior and ecological relationships. These students also 
demonstrate some knowledge of basic Information from the physical sciences. 

Students at this level can evaluate the appropriateness of the design of an experiment. They have more 
detailed scientific knowledge and the skill to apply their knowledge in interpreting information from text and 
graphs. These students also exhibit a growing understanding of principles from the physical sciences. 

Students at this level can infer relationships and draw conclusions using detailed scientific knowledge from 
the physical sciences, particularly chemistry. They also can apply basic principles of genetics and interpret 
the societal implications of research In this field. 



SOURCE: National Assessment of Educational Progress. The Science Repor: Card: Elements of Risk and Recovery, Report No> 1 7-S-Ol (Princeton: Educational Testina 
Service, 1988). * 

See text table M. 
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Appendix table 1-3. Percentages of 9-year-old students 
scoring at or above various science proficiency levels, by 
gender and ethnicity: 1977-86 



viSnucr aria Ginniciiy 


1977 


1982 


1986 




Knows everyday science facts 




, . . 93.6 


95.0 


96.3 




94.3 


94.0 


96.3 




92.9 


96.0 


96.3 


lA/hito 


97.8 


98.1 


98.5 






61.2 


87.5 




83.1 


84.6 


89.6 




Understands simple scientific 






principles 






67.9 


70.4 


71.4 




69.3 


69.3 


72.7 






71.6 


70.1 




76.5 


78.0 


78.4 




27.7 


38.7 


45.1 


lai te r\a PI 1 #^ 


42.1 


41.8 


49.1 




Applies basic scientific information 




26.2 


24.8 


27.6 


Male 


27.6 


25.9 


29.4 




24.8 


23.7 


25.8 


White 


31.3 


30.1 


32.6 




8.5 


4.4 


10.7 




38 


3.8 


8.8 




Analyzes scientific principles 






and data 






3.5 


2.2 


3.4 


Male 


3.9 


2.3 


4.0 




2.9 


2.1 


2.7 






2.7 


4.3 




0.1 


0.4 


0.4 




, . ., 0.5 


0.0 


0.2 



SOURCE; National Assessment of Educational Progress, The Science Report 
Card: Elements of Risk and Recovery, Report No. 1 7*G-0 1 (Princeton: Educatlonai 
Testing Service, 1986). 

See texl table M. 
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Appendix table 1*4. Percentages of 13*year-old atudents 
scoring at or above various science proficiency leveiSi by 
gender and ethnicity: 1977-86 

Gender and ethnicity 1977 1d82 1986 

Understands simple scientific 
principles 

Total 85.9 89.6 91.8 

Male 87.1 91.6 92.9 

Female 84.6 e"'.8 90.7 

White 91.9 94.5 96.4 

Black 57.1 66.8 74.3 

Hispanic 63.1 74.5 76.1 

Applies basic scientific principles 

Total 49.2 51^5 53.4 ~ 

Male 52.3 57.0 58.4 

Female 46.1 ^6.3 48.4 

White 56.7 68.7 61.9 

Black 1G.1 18.6 20.2 

Hispanic 19.1 25.8 27.6 

Analyzes scientific procedures 
and data 

Total 10.9 9.4 9.4 

Male 12.8 12.2 12.5 

Female 9.1 6.8 6.4 

White 13.1 11.2 11.8 

Black 1.2 0.8 0.9 

Hispanic 2.3 2.4 1.6 

Integrates specialized scientific 
information 

Total 0.7 0.4 0.2 

Male 0.9 0.5 0.4 

Female 0.5 0.2 0.1 

White 0.9 0.4 0.3 

Black 0.0 0.0 0.0 

Hispanic 0.2 0.0 0.0 

SOURCE: National Assessment of Educational Progtes;, The Science Report 
Card: Elements of Risk and Recovery, Report No T' oUi («^finceton: Educational 
Testing Service. 1988). 

See text table M. 
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Appendix table 1-5. Percentages of 17-year-old students 
scoring at or al»ve various science proficiency levels, by 
gender and ethnicity: 1977-86 



Gender and ethnicity 


1977 


1982 


1986 




Understands simple scientific 






principles 






97.2 


95.8 


96.7 




97.9 


96.9 


96.9 




96,6 


94.8 


96.6 






98.7 


98.6 






81.0 


89.8 






86.1 


92.9 




Applies basic scientific principles 




81.8 


76.8 


dO.8 


Male 


85.4 


81.5 


83.1 






72.4 


78.5 


White 


88,4 


85.0 


87.6 






36.5 


52.9 




61.7 


46.6 


61.6 




Analyzes scientific procedures 






and data 








37.5 


41.4 


Male 




45.6 


49.3 






29.8 


33.8 


White 




44.0 


48.8 




8,3 


6.7 


12.3 






12.5 


15.5 




Integrates specialized scientific 






information 








7.2 


7.5 


Male 




11.0 


10.3 




5.3 


3.7 


4.7 


White 


9.9 


8.6 


9.0 




0.6 


0.1 


1.0 




2.0 


1.4 


0.5 



SOURCE; National Assessment of Educational Progress, The Science Report 
Card: Elements of Risk and Recovery, Report No 17-S-01 (Princeton: Educational 
Testing Service J9d8). 

See text table M. 
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Appendix table 1-6. Achievement scores In mathematics, 
by age, gender, and ethnicity: 1 973-86 

Gender and ethnicity 19 73 1978 1982 1986 

9-year-oIds 



Total 219.1 218.6 219.0 221.7 

Male 217.7 217.4 217.1 221.7 

FeTia'e 220.4 219.9 220.8 221.7 

White 224.9 224.1 224.0 226.9 

Black 190.0 192.4 194.9 201.6 

Hispanic 202.1 202 .9 204.0 205.4 

13-year-olds 

Total 266.0 264.1 268.6 269.0 

^flale 265.1 263.6 269,2 270.0 

FeTiale 266.9 264.7 268,0 268.0 

White 273.7 271.6 274.4 273.6 

Black 227.7 229.6 240,4 249,2 

Hispanic 238.8 238.0 252.4 254.3 

17-year-old$ 

Total 304.4 300.4 298.5 302.0 

Male 308.5 303.8 301.5 304.7 

FeTiaie 300.6 297.1 295.6 299.4 

White 310.1 305.9 303.7 307,5 

Black 269.8 258.4 271.8 278.6 

Hispanic 277.2 276.3 276,7 283.1 

SOURCE: National Assessment of Educational Progress, The Matltamatlcs Report 
Card:Ar6 Wo Measuring Up?, Report No. 17-M-01 (Princeton: Educational Testina 
Service, 1988). 

See figures 1-5. 1-6, 1-7, and 1 -8; figure 0-13 in Overview; and text table 1 -2. 
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Appendix table 1-7. Levels of mathematics proficiency used In the National Assessment of Educational Progrer^s to 

classiify student achievement scores 



Level of classification 



Definitions 



Simple arithmetic facts 



Beginning skills and understanding 



Basic operations and beginning 
problem solving 



Moderately complex procedures 
and reasoning 



Multi-step problem solving 
and algebra 



Learners at this level know some basic addition and subtraction facts, and most can add tv/o-d^git numbers 
without regroiin!nvi. They recognize simple situations In which addition and subtraction ,i})r^y. Vhey also are 
developing rudimentary classification sidlls. 

Learners at this level have considerable understanding of two*dlgit numbers. They can add two-digit 
numbei^ but are still developing an ability to regroup in subtraction. They know some bait c multiplication 
and division facts, recognize relations among coins, can read information from charts ano ^jraphs, and uso 
simple measurement instruments. They are developing some reasoning skills. 

Learners at this level have an Initial understanding of the four basic operations. They are able to apply 
whole number addition and subtraction skills to ono-step word problems and money situations. In 
multiplication, they can find the product of a two-digit number and a ona dlgit number. They can also 
compare information from graphs and charts and are developing an ability to analyze simple logical 
relations. 

Learners at this level are developing an understanding of number systems. They can compute with 
decimals, sample fractions, and commonly encountered percents. They can identify geometric figures, 
measure ler^ths and angles, and calculate areas of rectangles. Thes^e students are also able to Interpret 
simple inequalities, evaluate formulas, and solve simple linear equations. They can find averages, make 
decisions on Info.mation drawn from graphs, and use loglcpj reasoning to solve problems. They are 
developing the sKlils to operate with signed numbers, exponents, and square roots. 

Learners at this level can apply a range of reasoning skills to solve multi-step problems. They can solve 
routine problems involving fractions and percentages, recognize properties of basic geometric figures, and 
work with exponents and square roots. They can solve a variety of two-step problems using variables, 
identify equivalent algebraic expressions, and solve linear equations and inequalities. They are developing 
an understanding of functions and coordinate systems. 



SOURCE: National Assessment of Educational Progress. The Mathematics Report Card: Are We Measuring Up?, Report No. 1 7.M-01 (Princeton: Educational Testfna Service. 
1988). 



See text table 1-2. 
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Appendix table 1-8. Percentages r.f 9-year-old students 
scoring at or above various matnematles proficiency 
levels, by gender and ethnicity: 1978-86 

Gender and ethnicity 1978 1982 1986 

Simple arithmetic ?acts 

- — - I I II ■ . I — -1 .1 — - _ 

Total 96.5 97.2 97.8 

Male 95.9 96.8 97.7 

Female 97.2 97.6 98.0 

White 98.3 98.6 98.9 

Black 87.8 90.4 93.0 

Hispanic 93.5 95.0 96.4 

Beginning sitilis and 
understanding 

Total 70.3 71.5 73.9 ~ 

Male 68.7 68.8 74.0 

Female 71 .9 74.2 73.9 

White 76,0 76.9 79.2 

Black 42.5 46.7 53.3 

Hispanic 54.3 55.0 58.7 

Basic operations and beginning 
proble m solving 

Total 19.4 18.7 20.8 

Male 18.9 18.2 20.6 

Female 19,3 19.2 20.9 

White 22.5 21.5 24.5 

Black 4.3 4.5 5.4 

Hisparc 10.8 9.2 8.0 

Moderately complex procedures 
and re asoning 

Total 0.8 0.6 0.6 

Male 0.7 0.6 0.6 

'^emale 0.8 0.6 0.5 

White 0.9 0.7 0.7 

Biack 0.0 0.0 0.0 

Hispanic 0.5 0.0 0.0 

SOURCE: National Assessment of Educational Progress, The Mathematics Report 
Card: Are We Measuring Up?, Report No. 1 7-M-01 (Princeton: Educational Testina 
Service, 1988). 

See text table 1-2. 
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Appendix table 1-9. Percentages of 13»year-old students 
scoring at or above various mathematics proficiency 
levels, by gender r*"d ethnicity: 



Gender and ethnicity 1976 1982 ,1986 

Beginning skills and 
understanding 



Total 94.5 97.6 98,5 

Male 93.8 97.3 98.3 

Female 95.1 97.9 98.7 

White 97.5 99.1 99.2 

Black 79.5 89.0 95.5 

Hispanic 85.9 96.1 96.1 



Basic operations and 
problem solving 

Total 64.9 71.6 73.1 

Male 63.7 70.9 74,0 

Female 66.1 72.3 72.3 

White 72.9 78.5 78.7 

Black 28.9 38.1 49.4 

Hispanic 35.6 54.2 55.2 

Moderately complex procedures 
and reasoning 

Total 17.9 17.8 16.9 

Male 18.3 19.2 17.6 

Female 17.4 16.3 14,2 

White 21.4 20.9 18.6 

Black 2.1 3.3 4.0 

Hispanic 3.4 6.2 5,4 

Multi-step problem solving 
and algebra 

Total 0.9 0.5 0.4 

Male 1.0 0.7 0.6 

Female 0.8 0.3 0.2 

White 1,1 0.6 0.5 

Black 0.0 0.0 0.1 

Hispanic 0.1 0.2 0,3 



SOURCE: National Assessment of Educational Progress, Iho Mathematics Report 

Card: Are We Measurlr^g Up?, Report No. 1 7-M-01 (Princeton; Educational Testing t 
Service. 1988). '| 

See text table 1-2. % 
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Appendix tai.I« 1-10. Percentages of 17-year-oid students 
scoring at or alMve various mathematics proficiency 
levels, by gender and ethnicity: 1976*86 



Gender and ethnicity 


1978 


1982 


1986 




Beginning skills and 






understanding 




Total 


99.8 


99.9 


99.9 


Male 


99.9 


99.9 


99.9 




99.7 


99.9 


99.9 


White 


100.0 


100.0 


99.9 




98.7 


99.6 


100.0 






99.9 


98.9 




Basic operations and 






problem solving 




Total 


92.1 


92.9 


96.0 


Male 


93.0 


93.9 


96.5 




91.2 


92.0 


9S.S 


White 


95.8 


96.3 


98.3 




70.0 


75.3 


86.0 




77.4 


81.3 


90.8 




Moderately complex procedures 




and reasoning 








48.3 


51.1 


Male 


54.9 


51.9 


54.2 




48.0 


44.9 


48.1 


White 


57.3 


54.5 


58.0 


Black 




17.3 


21.7 




22.1 


20.6 


26,8 




Multi-step problem solving 




and algebra 






7.4 


5.4 


6.4 


Male 


9.S 


6.7 


8.2 




S.S 


4.1 


4.5 


White 


&6 


6.3 


7.6 


Black 


0.4 


0.6 


0.3 




1.1 


0.5 


1.2 



SOURCE:NatlonalAssessmentof Educational Progress. Tho Mathematics Report 
Card: Are We Measuring Up?, Report No. } 7-M-01 (Princeton: Educatiorial Testing 
Seivjoe. 1983). 

See text table 1-2. 
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Appendix table Ml . Average achievement scores 
of 13*year-ol(i students in mathematics, by gender 
and country: 1988 



Country 


Total 


Male 


Female 


British Columbia 


539.8 


539.C 


541,3 






508.2 


499.6 


South Korea 


567.8 


576.7 


558,0 


New Brunswick (English) 


529.0 


526.6 


529.0 


New Brunswick (French) 


.. 514.2 


516.8 


513.4 




516.1 


517.8 


514.6 


Ontario (French) 


481.5 


480.6 


482.7 






534.1 


537.3 




543.0 


546.3 


539.3 




.. 511.7 


523.2 


499.9 




509.9 


507,0 


512.5 


United States 


473.9 


474.6 


473.2 



SOURCE: A.E. Lapolnte. N.A. Mead, and G.W. Phillips. A World of Differences: An 
International Assessment of Mathematics and Scionco (Princeton: Educational 
Testing Service. 1989). 

See figure 1-9. and 0-1 1 in Overview. 
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Appendix table 1-12. Average achievement scores 
of 13-year-old students In sclence» by gender 
and country: 1988 



Country 


1otal 


Male 


Female 




551.3 


562.3 


541.6 






480.4 


456,5 




549.9 


567.5 


530.6 




510.5 


517.2 


502,3 


New Brunswick (French) 


468.1 


477.4 


460,2 


Ontario (English) 


514.7 


524.3 


504.7 


Ontario (French) 


468,3 


474,9 


463.1 




515.3 


525.4 


505.7 




513,4 


523.7 


502,1 




503,9 


518,0 


489,5 


United Kingdom 


519.5 


524.7 


514.9 


United States 


478,5 


481.9 


474,9 



SOURCE: A.E. Lapointe, N.A. Mead, and G.W. Phillips. A World of Differences: An 
International Assessment of Matfiematics and Science (Princeton: Educational 
Testing Service, 1989). 

See figure l -10, and 0-1 1 in Overview. 
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Appendix table M3. Levels of mathematics proficiency used In the International Assessment of Mathematics and Science 

to classify student achievement scores: 1988 



Level of classification 



Definitions 



Perform simple addition 
and subtraction 

Use basic operations to solve 
simple problems 



Use intermediate level mathematics 
skills to solve two-step problems 



Understand measurement and 
geometry concepts and solve more 
complex problems 



Understand and apply more advanced 
mathematical concepts 



Stixients at this level can add and subtract two-digit numbers without regrouping and solve simple number 
sentences involving these operations. 

Students at this level can select appropriate basic operations (addition, subtraction, muttlplicatlon, and 
division) needed to solve simple one-step problems. They are capable of evaluating simple expressions by 
substitution and solving number sentences. They can locate numbers on a number line and understand the 
most basic concepts of logic, percent, estimation, and geometry. 

Students at this level show growth In all mathematics topics in the assessment. They demonstrate an 
understanding of the concept of order, place value, and the meaning of remainder In division; they know 
sonie properties of odd and even numbers and of zero; and they can apply elementary concepts of ratio 
and proportion. They can use negative and decimal numbers; make simple conversions involving fractions, 
decimals, and percentages; and can compute averages. Students can use these skills to solve problems 
requiring two or more steps and can represent unknown quantities with expressions involving variables. 
Students can measure length, apply scales, identify geometric figures, calculate areas of rectangles, and 
are able to use information obtained from charts, graphs, and tables. 

Students at this level know how to multiply fractions and decimals and are able to use a range of 
procedures to solve more complex problems. Students demonstrate an increased understanding of 
measurement and geometric concepts. They can measure angles found In simple figures, understand 
various characteristics of circles and triangles, can find perimeters and areas, and calculate and compare 
volumes of rectangular solids. Students are also able to recognize and extend number patterns. 

Students at this level have the ability to deal with properties of the arithmetic mean and can use data from 
a complex table to solve problems. They demonstrate an increasing ability to apply school-based skills to 
out-of-school situations and problems. 



SOURCE: A.E. Lapointe, N.A. Mead, and 6.W. Phillips, A World of Differences: An International Assessnient of Matheniatlcs and Science {Pm^\on\ Educational Testing 
Sen/Ice, 1989). 
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Appendix table M4. Levels of science proficiency used In the International Assessment of Mathematics and Science to 

classify student achievement scores: 1988 



Level of classification 



Definitions 



students at this level know some general scientific facts of the type that can be learned from everyday 
experiences. For example, they exhibit some rudlment?.ry Knowledge concerning the environment and 
animals. 

Students at this level exhibit a growing knowledge in the life sciences. 

Students at this level have a grasp of experimental procedures used In science, such as designing 
experiments, controlling variables, and using equipment. They can Identify the best conclusions drawn from 
data on a graph and the best explanation for observed phenomena. Students also understand some 
concepts In a variety of science content areas. 

Students at this level demonstrate an understanding of intermediate scientific facts and principles and can 
apply this understanding in designing experiments and Interpreting data. They also can interpret figures 
and diagrams used to convo/ scientific information. Students at this level can infer relatioriships and draw 
conclusions by applying facts and principles, particularly from the physical sciences. 

Students at this level can Interpret experimental data that involve several variables. They also can 
interrelate Information represented in a variety of forms— text, graphs, figures, and diagrams. Students can 
make predictions based on data and observations and are aware of limitations of extrapolation. Students 
demonstrate a growing understanding of more advanced scientific knowledge and concepts, such as 
definitions of a calorie or the concept of chemical change. 

SOURCE: A.E. Lapointe. NA Mead, and tS.W. PhlHips, A World of Differences: An International Assessment of Mathematics and Science {Pmcelon: Educational Testing 
Sen/ice, 1989). 
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Know everyday science facts 



Understand and apply simple 
scientific principles 

Use scientific procedures and analyze 
scientific data 



Understand and apply intermediate 
scientific knowledge and principles 



Integrate scientific information and 
experimental evidence 
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Appendix table Percentages of 13-year«ol(i students scoring at or above various mathematics proficiency levelSi by 

country: 1988 



Proficiency levels 



Understand 
measurement & 







Use basic 




geometry 


Understand & 




Perform simple 


operations to 


Use intermediate 


concepts and 


apply more 




addition & 


solve simple 


tovei skills to solve 


solve more 


advanced math 


Country 


subtraction 


problems 


two-step problers 


complex problems 


concepts 






94.9 


69.5 


23.8 


2.0 






66.3 


54.7 


14.2 


0.8 




99.6 


95.3 


78.1 


39.6 


4.9 




99.9 


95.5 


65.4 


17.8 


1.0 




99.6 


94.6 


58.3 


11.6 


0.4 




99.2 


91.8 


58.0 


16.0 


1.4 


Ontario (French) 


98.7 


84.8 


40.5 


7.0 


0.1 




99.8 


96.7 


67.3 


20.2 


1.4 




99.9 


97.2 


72.7 


21.8 


1.7 




99.2 


90.7 


57.0 


14.3 


1.3 




98.5 


86.7 


55.5 


18.4 


2.5 




96.6 


77.7 


40.3 


9.2 


0.7 



SOURCE: A.E. Lapolnte. N.A. Mead, and C\W. Pnlliips, A \^orld of DiHerences: An International Ass&ssment of MathBmatiGs and Science {^^^ Educational Testing 
Sarvlce.ieae). 
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Appendix table 1-16. Percentages of 13-year-old students scoring at or above various science proficiency levelSi by 

country: 1988 









Proficiency levels 












Understand & 


integrate 






Understand & 


Use scientific 


apply intermediate 


information & 




Know everyday 


apply simple 


procedures & 


Itnowledge & 


experimental 


Country 


science facts 


scientific principles 


analyze data 


principles 


evidence 




99.7 


95.2 


71.9 


30.6 


4.1 




95.7 


75.6 


37.2 


9.1 


0.5 




99.7 


93.1 


72.7 


32.6 


2.3 




99.2 


90.4 


55.4 


14.9 


1.0 




98.0 


77.9 


35.3 


6.8 


0.4 




98.8 


90.8 


55.9 


17.1 


1.8 




98.0 


78.8 


34.8 


6.1 


0.2 




99.5 


91.8 


57.4 


14.8 


1.5 




99.6 


91.5 


56.3 


15.2 


0.8 




99.1 


88.0 


53.5 


12.2 


0.6 




98.5 


89.0 


59.0 


21.3 


2.4 




95.8 


78.3 


41.8 


11.8 


1.4 



SOURCE: A.E. Lapolnte, N.A. Mead, G.W. Phillips, A Wortd of Differences: An international Assessment of Mathematics and Science (Princeton: Educational Testing Service. 
1989). 
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Appendix table 1-17. AsSilevement scores of students takh^g biology in tiie terminal 

grade of iiigh school, by country 





mean 


r^rcBniage ot 




Countrv 

VrVUI III f 


a #^ m All Ann A fi 1 

acnievemeni 


SlUQonis taKing 


Average age 


SCQrGS 


Dioiogy 


Or students 


Australia 




18 


17.1 






28 


18.2 






4 


18.0 






45 


18.7 






7 


18.4 






4 


19.2 


Hungary 




3 


18.0 






14 


19.5 






12 


18.1 






10 


18.1 






9 


18.8 






3 


in.o 






15 


19.0 


United States 


37.9 


6 


17.5 



Note: Tests were administered In 1986 In the U.S. and In 1983 In tlie other countries. 

SOURCE: International Association for the Evaluation of Educaiionai Achlevement,Sc/e/?c© Achievement in 17 
Countries: A Preliminary Report {Oxtor&. Pergamon Press. 1988). 
See figure Ml. 
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Appendix table M8» Achievement scores of students taking chemistry In the 
terminal grade of high school, by country 

Mean Percentage of 
achievement students taking Average age 

Co^ntiy scores chemistry of students 

Australia 46.6 12^0 iTs 

Canada (English) 36.9 25.0 18.4 

England 69.5 5.0 18.0 

Finland 33.3 14.0 18.6 

Hong Kong (Form 6) 64.4 14.0 18.4 

Hong Kong (Form 7) 77.O 8.0 19^2 

Hungary 477 1.0 18^1 

Italy 38.0 s.O 19,3 

Japan 51. 9 15.0 18.2 

Norway 41.9 15.0 18.1 

Poland 44.6 9.0 18.7 

Singapore 66.1 5.0 18.0 

Sweden 40.0 15.0 18.1 

United States 37.7 1 .0 17.8 

Note: Tests were administered in 1986 In the U.S. and In 1983 in the other countries. 

SOURCE: International Association for the Evaluation of Educational Achievement.Sc/ence Achievement in 17 
Countries: A Preliminary Report {Ox^or&. Pergamon Press. 1988). 

See figure M 2. 
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Appendix table 1-19. Achievement scores of students taking physics In the 
terminal grade of high school, by country 





Mean 


Percentaoe of 




Country 


achievement 


Students taking 


Averaae aae 


scores 


physics 


of students 






11 


17.3 






19 


18.4 






6 


18.0 






14 


18.6 


Hong Kong (Form 6) 


59.3 


14 


18.4 






8 


19.2 






4 


18.1 






19 


19.3 






11 


18.2 






24 


18.1 




51,5 


9 


18.7 






7 


18.0 






15 


18.1 


United States 


45,5 


1 


17.8 



Note: Tests were administered In 1986 in the U.S. and In 1983 In the other countries. 

SOURCE: International Association for the Evaluation of Educational Achlevement.Sc/encd Achievement in 17 
Countries: A Preliminaty Report (Oxford: Pergamon Press, 1 988). 

Sea figure M3. 
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Appendix table 1*20. Understanding of computer 
applications, by grade level: 1986 



Type of application Grade 3 Grade 7 Grade 1 1 



Percert 





31.0 


52.8 


72.2 




34.7 


50.4 


60.7 




40.0 


43.8 


53.4 




NA 


44.4 


31.0 



NAkNoi available. 

SOURCE: National Assessment of Educational Progrerri, Con^puter Competence: 
The First National Assessment, Report No. 17-CC-Ol (Princeton: Educational 
Testing Service. 1986). 
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Appendix table 1-21. Frequency of computer usage, by subject area: 1986 



Almost every Several About once a Less than 
How often do you use a computer to: day times a week week once a week Never 

Grade 7 



Percent — — - — - 

Practice math 5.7 47 9.8 17.5 62.3 

Practice reading 3.1 3.8 S.9 8.8 78.4 

Practice spelling 2.8 3.3 7.8 10.0 76.1 

Do dul'. ICQ problems 1 .9 2.9 3.1 6.8 85.3 

Learn and make music 2.4 3.C 6.2 10.3 78.1 

Playgames 19.4 15.4 16.3 24.6 24.3 



Grade 1 1 

— ^ Percent 

Practice math 3.4 3.0 3.6 12,1 77.9 

Practice reading 1.8 2.1 2.0 6.9 87.2 

Practice spelling 1.4 1.6 2,8 6.7 87.5 

Do science problems 0.3 1.5 1,9 8.6 67.2 

Learn and make music 1.4 1.7 2.2 9.0 85.6 

Playgames 8.5 9.8 14.0 33.9 33.8 



SOURCE: National Assessment of Educational Progress, Computer Competence: The Ff^t National Assessment, Report No. 1 7-CC-Oi 
(Princeton : Educational Testing Servtcei 1 988) . 
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Appendix table 1-22. Percentages of college-bound senlore taking the SAT who Intend to major in science and 

engineering, by diecipllne: 1977-88 



Field 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 



Percent 



Total 


10.0 


11.6 


12.9 


14.1 


16.7 


17.9 


19.6 


18.8 


16.6 


15.1 


14.5 


13.5 


Mathematics and statistics . . 


1.3 


1.3 


1.1 


1.0 


1.0 


0.9 


0.9 


1.0 


1.0 


0.8 


0.7 


0.6 


Comput<)r science 


1.3 


1.8 


2.4 


3.0 


4.1 


5.7 


7.5 


7.2 


5.2 


3.7 


3.0 


2.7 


Physiol sciences 


0.9 


0.9 


0.9 


1.0 


0.9 


0.9 


0.8 


0.9 


0.9 


0.8 


0.8 


0.8 


Engineering 


6.5 


7,6 


8.4 


9.2 


9.7 


10.4 


10.3 


9.8 


9.5 


9.8 


10.0 


9.3 



SOUnCES; Educational Testing Service (ETS), Trends In SAT Scores and Other Characteristics of Examinees Planning to Maiorin Mathematics, Science, or 
Engineering; an^ ETS Policy Notes vol. 1 , no. 3 (1 989). 

See figure M4. 
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Appendix table 1-23. Percentages of high-abillty minority 
students saying certain high school experiences were of 
medium or great influence^ 



Experience Percent 



Science, mathematics clubs 24 

College-based minority MSE recruitment/enrichment 

program 22 

Honors courses in science 52 

Science fair/Independent research project 14 

Advanced Placement mathematics 41 

Honors courses in mathematics 57 



Career fp!i s or mathematics/science career service days 26 
SpeclrJ mathematics/science or college preparatory 

magnet schools 20 

Minority professional recruitment program: e.g.. Society 

of Biack/Hlspanic Engineers 16 



MSE m Mathematics/scl^ince/engineering. 

Mn their decision to continue studying mathematics or science in coiiege. 

SOURCE: T.L. Hilton. J. Hsia. D.G. Sotorzano. and Nl. Benton. Persistence 
in Science of High-Ability f^inority Students, Research Report No RR-89«28 
(Princeton: Educational Testing Sen/ice. 1988). 
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Appendix table 1*24. Percentages of high tichool graduates earning 
credits In mathematics, by gender: 1982 and 1987 



Total Male Femalo 



CoursG takGn 


1982 


iyJ7 


1982 


1987 


1982 


1987 




... 97.4 


99.5 


97.6 


99.4 


97.3 


99.6 




... 32.7 


24.S 


35.9 


26.4 


29.6 


22.8 


Alasbra 1 


65.1 


77 2 


63 3 


75 8 


6S 8 


78 5 




... 35.1 


46.1 


35.3 


44.1 


34.9 


47.9 




... 45.7 


61.0 


45.0 


61.1 


46.4 


60.8 




... 12.0 


20.4 


12.9 


21.9 


11.3 


19.0 




... 5.8 


12.4 


6.0 


13,5 


5.5 


11.3 




... 4.7 


6.1 


5.3 


7.6 


4.2 


4.7 




... 1.5 


3.1 


1.7 


3.5 


1.3 


2.7 


statistics/probability 


... 0.3 


0.5 


0.5 


0.4 


0.2 


0.6 



SOURCE: Wostat, Inc., Tabulations for the Nation At Risk Update Study as Part of the 1987 High 
School Transcript Study (Washington, DC: U.S. Department of Education, National Center for 
Education Statistics, 1988). 
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Appendix table 1-25. Percentages of high school graduates earning 
credits In sclencei by gender: 1982 and 1987 



Total Male Female 



Course taken 1982 1987 1982 1987 1982 1987 





.... 95.2 


99.1 


94.8 


98.8 


95.6 


99.4 




.... 75.3 


89.6 


73.3 


88.5 


77.1 


90.8 




. . . . 6.6 


3.0 


6.1 


3.1 


7.1 


2.8 




.... 30.8 


45.4 


31.7 


46.3 


30.0 


44.5 




. . . . 2.9 


3,1 


3.5 


3.4 


2.4 


2.7 






20.1 


18.2 


25.3 


10.0 


15.0 




.... 1.1 


1.8 


1.4 


2.8 


0.7 


0.9 




.... 0.1 


0.1 


0.2 


0.2 


0.0 


0.1 




1.1 


0.8 


1.2 


0.6 


1.0 


0.7 






15.0 


14.8 


15.8 


13.0 


14.2 



SOURCE: Westat. Inc.. Tabulations for the Nation At Risk Update Study as Part of the 19B7High 
School Transcr/pf Sfucfy (Washington, DC: U.S. Department of Education. National Center for 
Education Statistics, 1988). 
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Appendix table 1-26. Mean nunrtber of cradlts earned by high school 
graduates in science and mathematics, by raoe/ethnictty: 
1982 and 1987 



Computer 

Science Mathematics science 



Race/ethniclty 1982 1987 1982 1987 1982 1987 



White 2.27 2.68 2.59 2.97 0.12 0.43 

Black 1.99 2.41 2.44 2.92 0.10 0.36 

Hispanic 1.79 2.39 2.22 2.82 0.07 0.35 

Asian/Pacific Islander 2.56 3.23 3.1 1 3.79 0.19 0.56 

Other 2.02 2.57 2.21 3.01 0.05 0.31 

Race not reported NA 2.55 NA 3.03 NA 0.48 



NA = Not available. 

SOURCE: Westat, inc.. Tabulations for the Nation At Risk Update Study as Part of the 1987 High 
School T-anscript Study (Washington. DC: U.S. Department of Education, National Center for 
Education Statistics. 1988). 

See figure M 6. 
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Appendix table 1-27. Mean number of credits earned by high school 
graduates In selected subjects, by gender; 1982 and 1987 

Total Male Female 

Subject ^ 1982 1987 1982 19 87 1982 1987 

English 3.80 4.05 3.76 4.03 3.84 4.07 

History 1.68 1.91 1.68 1.93 1.69 1.89 

Social studies 1 .42 1 .44 1 .41 1 .42 1 .43 1 .47 

Mathematics 2.54 2.98 2.61 3,04 2.46 2.93 

Computer science o.ll 0.42 0,13 0.46 0.10 0.39 

Science 2.19 2.63 2.25 2.69 2.13 2.57 

Foreign language 1 .05 1 .47 0.86 1 .30 1 .23 1 .63 

SOURCE: Westat, Inc., Tabulations forthe Nation At Risk Update Study as Part of the 198? High 
School Transcript Study (Washington, DC: U.S. Department of Education, National Center for 
Education Siatlstics. 1988). 

See figure M5. 
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Appendix table 1-28. Distribution of class ability leveli by 
ethnlc/raciai enroilment of schoois: 1986 

Teacher perception of class ability m science 
and mathematics 

Ethnic/racial Mixed Low Average High 

enrollment of school ability ability ability ability 

Percent 

Less than 10 percent 

white 20 36 48 16 

10 to SO percent white 19 25 45 30 

SO to 90 percent white 21 22 41 37 
More than 90 percent 

white 20 16 42 43 

SOURCE: J. Oakes, T. Ormseth, B. Beli, and P. Camp, The Distribution of 
Opportunities to Learn Mathematics and Sclence^ Preliminary unpublished paper 
(The RAND Corporation. n.d.). 

Science^ Engineering Indicators^l 989 

Appendix table 1-29. Average minutes per day spent on 
various subjects by elementary school teachersi by 
grade range: 1977 and 1986 

Subject and grade range 1977 1986 
Science 

•<-3 17 18 

4-6 28 29 

Mathematics 

K-3 41 43 

4-6 51 52 

Social studies 

K-3 21 18 

4-6 34 33 

Reading 

K-3 95 77 

4-6 66 63 

Note: Data are for self-contained classes only. 

SOURCE: LR. Weiss, Report of the 1985-86 National Survey of Science and 
Mathematics educar/on (Research Triangle Park, NC: Research Triangle Institute. 
1987). 

See figure M 7 
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Appendix table 1-30. Classroom time spent by teachers witli 
a class during a typical weelt: 198S 



Use of time 



Grade 3 Grade 7 



—Percent of teachers- 



Providing Instruction In science 

None 

Less than 1 hour 

1 to 2 hours 

3 to 4 hours 

5 hours or more 

Maintaining order & disciplir^lng students 

None 

Less than 1 hour 

1 to 2 hours 

3 to 4 hours 

5 hours or more 

Administering tests or quizzes, grading tests, 
in-class work, and homework 

None 

Less than 1 hour 

1 to 2 hours 

3 to 4 hours 

5 hours or more 



6 
15 
49 
24 

5 



2 
54 
22 

5 
17 



0 
8 

26 
20 
45 



0 
1 

16 
69 
14 



5 
72 
20 
1 
1 



0 

44 
49 
5 
0 



SOURCE: National Assessment of Educational Progress, The Science Report Card: 
Elements of Risk and Recovery, Report No. 17-S-Ol (Princeton: Educational Testing 
Service. 1988). 
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Appendix table 1*31. Classroom instructional practices in science: 1986 

Frequency 



Less then 

Instructional practice Dally Weekly once a week Never 

Percent 

Grade 3 

Go on a field trip na 3 31 55 

Do experiments n 30 26 19 

Read science textlxjok 33 27 11 ij 

Do an ora; or written report 20 16 17 d:* 

Grade 7 

Lecture 31 39 13 13 

Go on a field trip 1 2 16 82 

Do experiments atone 3 13 29 SO 

Do experiments with other students 4 31 34 30 

Read science textbook 43 39 g g 

Write up experiments 4 15 21 60 

Do an oral or written report 3 1 e 35 45 

Grade 11 

Lecture 55 33 3 g 

Go on a fieW trip 2 27 25 46 

Do experiments alone 0 0 14 86 

Do experiments with other students 3 so 2B 18 

Read science textbook 28 42 12 is 

Write up experiments , 2 32 24 41 

Do an oral or written report 2 13 34 52 

NA- Not available. 

SOURCE: National Assessment of Educational Progress, The Science Report Card: Elements of Risk and Recovery, 
Report No. 17-S-01 (Princeton: Educational Testing Service, 1983). 
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Appendix table 1-32. Average science and mathematics proficiency 
by reported time spent on science and mathematics homeworl(, 
grades 7 and 11: 1986 



Time spent each week on 
science and math homework 


Science 


Mathematics 


Percent 


Proficiency 


Percent 


Proficiency 


OtaUe f 












16 


243 


5 


254 




47 


251 


43 


26S 




26 


250 


32 


267 




8 


254 


12 


276 




3 


251 


6 


270 


Grade 1 1 












12 


285 


7 


296 


Less than 1 hou» 


36 


299 


33 


302 




31 


304 


30 


309 




14 


316 


18 


323 




7 


317 


13 


32'0 



SOURCES: National Assessment of Educational Progress (NAEP), The Science Report CM 
Element$ofRiskandRecovery,ReponUoA7'S'0^ (Princeton;EducationalTestingServlce,l95i8); 
and NAEP. The Mathematics Report Card: Are We Measuring Up?» Report No. 17-M-OI (Princetan: 
Educational Testing Service, 1988). 
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Appendix table 1-33. Elementary school teachers meeting 
the standards of the National Science Teachers 
Association: 1986 



Grades K-6 

Standard teachers 

-^Percent— 

Coursework In all three disciplines 35 

With science methods 34 

Without science methods 1 

Coursework in two disciplines 40 

With science methods 36 

Without science methods 4 

Coursework in one discipline 17 

With science methods 15 

Without sdence methods 2 

No science coursework 5 

With science methods 4 

Without science methods 1 

Unknown 3 



Disciptines are: biological/life, physical, and earth/space sciences. 

SOURCE: t Weiss. ''Course Background Preparation of Science and Mathe- 
matics Teauhers in the United States/' In Science Teaching: Making the System 
Work (Washington, DC: American Association for the Advancement of Science, 
1988). 
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Appendix table 1-34. Elementary echool teachers meeting 
the atandards of the Natlonai Council oi Teechera of 
Mathematics: 1986 



Grades K*6 

Standard teachers 



—Percent- 
Meet all three course requirements . . 18 

Lacking one requirement 69 

Lacking two requirements 6 

Lacking alt requirements 2 

Unknown , 4 



SOURCE: I.R. Weiss, "Course Background Preparation of Sc ence and Mathe- 
matics Teachers In the United States," In Science Teaching: A 'akfng the Systm 
Work (Wdshingtoni DC: American Association for the Advano anient of Science, 
1988). 
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Appendix table 1-35. Mfddle/Junlor high achool teachers 
meeting the atendards of the Natlonai Science Teachers 
Association: igse 



Grade 7-9 

Coursework teachers 



—Percent- 
Science, methods of teaching science 22 

Science only 2 

Science methods only 56 

Neither science nor science methods 18 

Unknown 2 



SOURCE: I.R. Weiss, "Course Background Preparat'nn of Science and Mathe- 
matics Teachers in me United States," in Science Teaching: Making the System 
Work (Washington, DC: American Association for the Advancement of Science. 
1988). 
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Appendix table 1*36. Middle/Junior high school teBohers 
meeting the standards of the National Council of 
Teachers of Mathematics: 1086 



Grades 7*9 

Standard teachers 



—Percent— 

CoursGwork in ail five areas of mathematics 14 

With mathematics teaching methods and computer 

programming 10 

Lacking computer programming 4 

Lacking mathematics teaching methods 0 

Lacking both 0 

Coursework in four areas of mathematics 26 

With mathematics teaching methods and computer 

programming 16 

Lacking computer programming 8 

Lacking mathematics teaching methods 1 

Lacking both i 

Coursework In two or three areas of mathematics 35 

With mathematics teaching methods and computer 

programming il 

Lacking computer programming 17 

Lacking mathematics teaching methods 4 

Lacking both 3 

Coursework In zero or one area of mathematics 22 

With mathema^^ns teaching methods and computer 

programming 2 

Lacking comouter programming 14 

Lacking mathematics teaching methods 2 

Lacking both 3 

Unknown 3 



SOURCE: i.R. Weiss, "Course Background Preparation of Science and Mathe* 
matics Teachers in the United States." in Science Teaching: Making the System 
Work (Washington. DC: American Association for the Advancement of Science, 
1988). 

Science ^ Engineering lndlcators-^1989 



Appendix table 1-37. High school science teachers 
meeting the standards of the National Science Teachers 
Assoclatloni by discipline: 1986 



Discipline 

Coursework Biology Chemistry Physics 

Percent^ 



Science, methods of teaching 





29 


31 


12 




4 


3 


0 




54 


53 


70 


Neither science nor science 










12 


12 


18 




1 


1 


1 



^Percentage of ait high school teachers in the subject. 

SOURCE: I.R. Weiss, "Course Background Preparation of Science and Mathe- 
matics Teachers In the United States,*' in Science Teaching: Making the System 
Work (Washington. OC; American Association for the Advancement of Science. 
1 988). 
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Appendix table 1-38. High school math teachers meeting the 
standards of the National Council of Teachers of Mathematics: 1986 



Grades 
10-1? 
mathematics 



Course teachers 



— Percent- 
Ail 1 0 NCTM-recommended mathematics courses 15 

With mathematics teaching methods course and computer 

programming 12 

Lacking comouter programming 2 

Lacking mathematics teaching methods 0 

Lacking both methods and computer programming 0 

8-9 NCTM-recommended mathematics courses 39 

With mathematics teaching methods course and computer 

programming 27 

Lacking computer programming 1 1 

Lacking mathematics teaching methods l 

Lacking both methods and computer programming l 

5-7 NCTM-recommended mathematics courses 31 

With mathematics teaching methods course and computer 

programming 16 

Lacking computer programming 12 

Lacking mathematics teaching methods 2 

Lacking both methods and computer programming i 

0-4 NCTM*recommended mathematics courses 12 

With mathematics teaching methods course and computer 

programming 3 

Lacking computer programming 3 

Lacking mathemattcsieaching methods 4 

Lacking both methods and computer programming 3 

Unknown 4 



Note: Percentages may not add to 100 because of rounding. 

SOURCE: I.R. Weiss, "Course Background Preparation of Science and Mathematics Teachers in 
the United States," in Science Teaching: Making the System lVo/rf( (Washington, DC: American 
Association for the Advancement of Science, 1 988). 
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Appendix table 1-39. Predicted median length of retention 
(first spell) In teaching, by state and dieclpllne 



Period and state in which sample 
began teaching 

North 

Carolina Michigan Colorado 
Teaching specialty (1975-79) (1972-75) (1979,1982) 

~ Median number of years — 

Elementary school 13.5 16.4 6.6 

Mathematics 7.9 7.4 4.4 

Social studies 6.6 7.6 3.4 

English 5.7 "^.3 3.1 

Biology 5.6 9.6 1^., 

Chemi'Jtry/physlcs 4.1 4.9 J 

Sample size 8.462 7,785 1,377 

^Chemistry/physics teachers cannot be distinguished from biology teachers In the 
Colorado data. 

SOURCE: R. J. Mumane and R. J. Olsen. "Will There Be Enough Teachers?," AEA 
Papers and Proceedlngsyol 79, no. 2 (May 1989): 242-46. 
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Appondix table 1-40. Percentage of teachers returning to 
the classroom after initially teaching less than 6 years, by 
state and discipline 

North 

Teaching specialty Carolina Michigan Colorado 

Percent returning 

Elementary school 28.1 33.0 30.0 

Mathematics 22.6 29.1 23.1 

Social studies 22.2 22.5 15.8 

English 20.0 30.0 33.3 

Biology 18.9 22.1 Uyi 

Chemistry/physics 16.3 14.6 / ' 

All teachers 25.3 30.2 26.6 

Sample size 3.177 4,815 289 

^Chemistry/physics teachers cannot be distinguished from biology teachers in the 
Colorado data. 

SOURCE: R.J. Mumane and R.J. Olsen, "WIIIThere Be Enough Teachers?/' AEA 
Papers and Proceedings yol 79, no. 2 (May 1989): 242-46. 
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Appendix table 2-1. Institutions of tiigher education, by Carnegie category, S/E and total degrees, and degree level: 

1970, 1976, and 1986 



Degree level 

First 

All degrees Associate Bachelor's professional Master's Docioraio 

Carnegie category S/E Total S/E Total S/E Total S/E Totai S^E Total Sm Total 



Number of institutions 







1,992 


2,453 


882 


1,272 


1,270 


1,473 


128 


362 


529 


806 


233 


277 






1976 


21 39 


2,787 


823 


1,565 


1,371 


1,590 


158 


414 


609 


934 


270 


350 






1986 


2,387 


3,103 


1,179 


1,915 


1,419 


1,692 


201 


477 


685 


1,124 


307 


427 








175 


176 


60 


87 


172 


172 


75 


111 


171 


173 


170 


172 






i97d 


185 


4 

186 


39 


76 


182 


183 


89 


125 


183 


184 


182 


183 






19oo 


213 


fi4 A 

214 


50 


81 


205 


208 


103 


144 


210 


210 


205 


211 






. , . 1970 


401 


406 


95 


158 


398 


404 


9 


46 


242 


315 


19 


26 






1976 


543 


545 


84 


228 


.542 


544 


10 


59 


302 


402 


31 


48 






19oo 


559 


559 


160 


287 


556 


559 


21 


69 


339 


457 


38 


66 








570 


617 


30 


87 


561 


608 


1 


29 


50 


123 


4 


11 






1976 


493 


540 


27 


147 


489 


533 


1 


18 


41 


96 


3 


9 






1986 


532 


563 


87 


207 


528 


561 


2 


26 


55 


171 


6 


13 








614 


759 


601 


758 


0 


0 


0 


0 


0 


0 


0 


0 






1976 


674 


949 


615 


945 


2 


4 


0 


0 


2 


2 


0 


0 






1986 


657 


1,160 


826 


1,149 


4 


18 


0 


1 


0 


0 


0 


1 






... 1970 


80 


298 


29 


85 


50 


171 


28 


146 


37 


150 


25 


49 






1976 


126 


403 


15 


90 


87 


236 


53 


195 


50 


203 


37 


88 






1986 


161 


492 


37 


142 


103 


298 


74 


231 


54 


244 


37 


113 






. . . 1970 


13 


15 


10 


1 


10 


14 


0 


0 


4 


5 


4 


4 






1976 


23 


25 


1 


2 


16 


18 


0 


0 


11 


14 


10 


10 






19S6 


34 


47 


1 


4 


14 


21 


0 


0 


18 


28 


18 


19 






. . . 1970 


139 


182 


79 


96 


79 


104 


15 


30 


25 


40 


11 


15 






1976 


95 


139 


42 


77 


53 


72 


5 


17 


20 


33 


7 








1986 


31 


68 


18 


45 


11 


27 


1 


6 


9 


14 


3 


< 





SOURCE: NSP. Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 2-2. S/E degrees, by institutional type and degree level: 1 98a | 

Associate Bachelor's Pirst professional Master's Doctorate 



Carnegie category institutions Degrees Institutions Degrees Institutions Deg ees Institutions Degrees Institutions Degrees 



Number 

Total 1,179 118,198 1.419 395.394 £01 31,051 685 78,853 307 19.360 

Doctorate 50 7,774 205 208,971 103 17.685 210 56,391 205 18,322 

Comprehensive 160 8,841 556 133,952 21 1,625 339 17,931 38 224 

Liberal arts 87 1,7^-, 526 36,144 2 149 55 1,089 6 29 

2-year 826 90,513 4 279 0 0 0 0 0 0 

Specialized 37 4.462 103 12,435 74 11,568 54 2.173 37 352 

Other 1 131 14 2,462 0 0 16 1,003 18 362 

Notclassifie . . 18 4,732 11 1,151 1 24 9 266 3 71 



SOURCE: NSF, uiVhiion of Science Resources Studies, unpublished tabulations. 
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Appendix table 2-3. S/E degrees by Carnegie category, degree level, 

and field: 1986 



Field and Carnogle category Associate Bachelor's Master's Doctorate 



Number 



Total scleni^e and engineering . . 


71,734 


375,770 


78,245 


19,350 




4,208 


202.333 


56,085 


16,312 




6,246 


125.206 


17,629 


224 




1,604 


35.828 


1.089 


29 




54,902 


146 


0 


0 




1,574 


A AilA 

9,240 


2,173 


AC* A 

352 


Other 


3,200 


3 017 


1 269 


433 




66,354 


298.709 


56,931 


15,907 




4,195 


146.244 


38,399 


14,940 




6,152 


109,148 


15,125 


162 




1,595 


34,641 


1,048 


28 




51,365 


17 


0 


0 




1,990 


7 A74 

7,071 


4 A Ad 

1,631 


A A A 

334 


Other 


1,491 


1 Sfifi 

1 (WWW 


728 






1.019 


15,786 


3,676 


3,104 




35 


7,390 


2,976 


3,056 




25 


5,399 


603 


32 




18 


2,e32 


29 


7 




854 


0 


0 


0 




0 


88 


AA 

39 


6 


Other 


87 


277 


29 


3 


Total environnfiental sciences . . . 


36 


6,076 


2,234 


449 




0 


3,501 


1.882 


441 




1 


1,987 


269 


6 




0 


459 


5 


0 




37 


0 


0 


0 




0 


AA 

20 


A^ 

37 


1 


- Other 


0 


109 


41 


1 

1 


Math and computer sciences . . . 


11.567 


58,583 


11,241 


1,086 




508 


24,809 


7,403 


1,079 




798 


25,868 


3,267 


6 




214 


4,596 


105 


1 




7.872 


15 


0 


0 




1.300 


A f*0A 

2.562 


AAi* 

395 


0 


Other 


875 


731 


71 


0 




52,055 


108,285 


24,291 


5.576 




3,608 


53,374 


16,999 


5.246 




5,263 


39,574 


5,926 


57 




1,325 


10.904 


212 


6 




41,081 


2 


0 


0 




290 


A AAA 

4,338 


4 4 AA 

1,126 


267 


Other 


528 


93 


28 


0 




939 


40,937 


8,363 


3,096 




8 


18,503 


3,219 


2,534 




34 


16,505 


3,933 


74 




14 


5,735 


621 


9 




877 


0 


0 


0 




5 


61 


34 


60 


Other 


1 


133 


556 


419 




736 


69,042 


7.126 


2,596 




36 


38,667 


5,920 


2,584 




31 


19,815 


1,127 


7 




24 


10.313 


76 


5 


2-year 


644 


0 


0 


0 




1 


2 


0 


0 


Other 


0 


245 


3 


0 
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Appendix table 2-3. (Continued) 

Field and Carnegie category Associate Bachelor's Master's Doctorate 



- Number — 





5,360 


77,061 


21,314 


3,443 


Doctorate 


13 


56,069 


17,686 


3,372 




94 


16,058 


2,504 


42 




9 


1,187 


41 


1 






129 


0 


0 




18 


2,169 


542 


18 


Other 


1,709 


1,429 


541 


10 



SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
See figure 2-1 . 
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Appendix table 2-4. U.S. population and college enrollment^ of 18- to 21 -year-olds, by selected race and gender: 1970*88 

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 198? 1988 



Total male population 6,882 7,080 7,350 7,584 7,729 7,823 7,886 7,941 7,922 8,052 7,917 7,796 7,554 7,260 7,068 6,983 7,016 

Total male enrollment 2,536 2,423 2,468 2,682 2,600 2,676 2,593 2,533 2,615 2,689 2,722 2,650 2,710 2,662 2,556 2,833 2,660 

Percent 36.8 34.2 33.6 35.4 33.6 34.2 32.9 31.9 33.0 33.4 34.4 34.0 35.9 36.7 36.2 40.6 37.9 

Total female population 7,535 7,683 7,943 8,109 8,230 8,318 8,359 8,373 8,350 8,428 8,276 8,062 7,833 7,623 7,385 7,273 7,252 

Total female enrollment 2,260 2,178 2.?''1 2,575 2,735 2,668 2,603 2,664 2,743 2,899 2,896 2,785 2,754 2,862 2,726 2.854 3.018 

Percent 30.0 28.3 29.. 31.8 33.2 32.1 31.1 31.8 32.9 34.4 35.0 34.5 35.2 37.5 36.9 39.2 42.3 

White male population 5.973 6.129 6.373 6.545 6.651 6.730 6.783 6.827 6.793 6,820 6,626 6,501 6,289 6,069 5,850 5,757 5,765 

White male enrollment 2,304 2,194 2,210 2,417 2,317 2.396 2,275 2,250 2,346 2,363 2,377 2,346 2,367 2,313 2,216 2,416 2.308 

Percent 38.6 35.6 34.7 36.9 34.8 35.6 33.5 33.0 34.5 34.6 35.9 36.1 37.6 38.1 37.9 42.0 40.0 

White female population 6,481 6,573 6,784 6.903 6,991 7.051 7,073 7,072 7,033 7,051 6,895 6,689 6,461 6,280 6,065 5.951 5.955 

White female enrollment 2,024 1,952 2.039 2,238 2,368 2.282 2.251 2,327 2,363 2,514 2,519 2,412 2,380 2,483 2,295 2,401 2,601 

Percent 31.2 29.7 30.1 32.4 33.9 32.4 31.8 32.9 33.6 35.7 36.5 36.1 36.8 39.5 37.8 40.3 43.7 

Black male population 825 854 865 941 957 946 951 956 967 1,032 1.058 1,059 1,040 1,017 985 964 962 

Black male vollment 193 189 202 218 234 205 220 220 199 225 216 205 241 261 227 278 198 

Percent 23.4 22.1 23.4 23.2 24.5 2>..' 23.1 23.0 20.6 21.8 20.4 19.4 23.2 25.7 23.0 28.8 20.6 

Black female population 980 998 1.031 1.085 1.110 I.LiO 1.132 1,137 1.148 1.193 1,194 1,177 1,167 1,132 1,107 1.085 1,079 

Black female enrollment 204 168 222 280 320 326 288 283 309 312 300 295 298 272 318 326 356 

Percent 20.8 16.8 21.5 25.8 28.8 28.8 25.4 24.9 26.9 26.2 25.1 25.1 25.5 24.0 28.7 30.0 33.0 

Hispanic male population 372 355 428 416 458 462 439 486 589 611 559 577 508 551 716 710 762 

Hispanic male enrollment 83 76 99 105 108 99 83 110 120 125 99 102 105 97 151 176 151 

Percent 22.3 21.4 23.1 25.2 23.C 21.4 18.9 22.6 20.4 20.5 17.7 17.7 20.7 17.6 21.1 24.8 19.8 

Hispanic female population .... 419 382 466 484 507 519 521 525 578 642 561 610 579 594 658 662 719 

Hispanic female enrollment ... . 68 77 107 114 119 120 94 110 110 127 148 157 164 157 155 132 164 

Percent 16.2 20.2 23.0 23.6 23.5 23.1 18.0 21.0 19.0 19.8 26.4 25.7 28.3 26.4 23.6 19.9 22.8 



Mn thousands. 

SOURCCS; U.S. Bureau of the Census, Current Population Report, Series P-20 (Washington, DC: U.S. Bureau of the Census), various Issues; and unpublished tabulations. 
See figure 2*2. 
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Appendix table 2*5. Undergraduate enroHment In engineering and engineering technology programs: 1979-86 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Engineering programs 



Total fulI-llme 340,488 365.117 387,577 403,390 406.144 394,635 384,191 369,520 356.998 346,169 

Freshman 103,724 110,149 115,280 115,303 109,638 105,249 103,225 99,238 95,453 98,009 

Sophomore 78,594 84,982 87,519 89,785 89,515 83,946 79,627 73,195 73,317 71,030 

Junior 74,928 80,024 86,633 90,541 91,233 89,509 84,875 80,386 77,085 73,761 

Senior 77,8?3 84,442 92,414 102,055 109,036 109,695 110,305 107,773 104,003 97,614 

Pifthyear 5,419 5,520 5,731 5,706 6,722 6,236 6,159 5,928 7,140 5,755 

Total part-time 25,811 32,227 32,825 31.940 35,061 34,864 36,673 38,137 35,200 39,243 

Numiser of schools (total) 286 287 286 286 292 289 297 311 316 320 

ABET-accreditedSChools^ 239 246 250 249 258 258 264 270 277 281 

Engineering technology programs 

Total full-time NA NA 134,444 120,342 112,745 111,446 83,038 90,536 80,600 79,624 

First year NA NA 65,893 59,339 53,032 46,806 34,389 39,177 32,685 33,477 

Second year NA NA 40,774 36,807 33,799 31,716 23,293 25,612 22,906 21,852 

Other full-time associates NA NA 872 797 925 1.165 466 657 1,404 1,760 

Bachelor of engineering technology 

Third and later years NA NA 26,905 23,399 24,989 31,759 24,890 25,090 23,605 22,535 

Total part-time NA NA 56,708 55,791 50,481 46,451 40,533 46,854 47,901 52,080 

Number of schools NA NA NA NA NA NA 200 257 291 310 



NA« Not available. 

^Schools with at least one curriculum accredited by the Accreditation Board of Engineering and Technology (ABET). 

SOURCE: American Association of Engineering Societies, Engineering Manpower Commission. Engineering i Technology Enrollments, Fall 1988, Parts I and II (Washington, 
DC: American Association of Engineering Societies, 198S). 

Ssa figure 2-3. 
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Appendix table 2*6. College major choices of Merit Scholars: 1982-88 
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SOURCE: National Merit Scholarship Corporation, 1982-88, Annual Report (Evanston, tL: National Merit 
Scholarship Corporation) ongoing annual series. Used with pernnission. 

See figure 2-6. 
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Appendix table 2-7. S/E graduate students in doctorate^rantlng Institutions, by gender: 1980*88 

Field 1980 1981 1982 1983 1984 1985 1 986 1987 1988 

Total science and engineering 297.264 302,390 309,547 317,865 320,506 328,256 339,349 343,228 347,533 

Male 210,795 211,364 214,477 219,658 221,174 226,050 233,369 234,481 234,722 

Female 86,469 91,026 95,070 98,207 99,332 102,206 105,980 108,747 112,811 

Total science 227,121 228,017 231,369 232,541 233,391 238,017 242,555 246,226 250,555 

Male 146,789 144,322 144,617 143,611 U3,819 146,250 148,279 149,535 150,158 

Female 80,332 83,695 86,752 88,930 89,572 91,767 94,276 96,691 100,397 

Physical sciences 25,393 25,780 26,499 27,747 28,410 29,312 30,543 30,967 31,266 

Male 21,176 21,225 21,579 22,366 22,736 23,318 24,199 24,374 24,308 

Female 4,217 4,555 4,920 5,381 5,674 5,994 6,344 6,593 6,958 

Environmental sciences 12,793 13,063 13,757 14,281 14,286 14,217 13,989 13,368 12,967 

Male 9,890 9,964 10,356 10,671 10,740 10,601 10,344 9,878 9,473 

Female 2,905 3,099 3.401 3,610 3,546 3,616 3,645 3,490 3,494 

Mathematical sciences 13,625 14,004 14,758 14,885 15,067 15,268 15.663 16.221 16.795 

Male 10.168 10,274 10,650 10,655 10.833 10,823 11,072 11,446 11,870 

Female 3,457 3,730 4,108 4,230 4,234 4,445 4,591 4,775 4,925 

Computer science 11,384 13,141 15,576 18,306 20,366 23,823 25,204 26,083 26,950 

Male 8,899 9,906 11,442 13,325 15,065 17,934 19,272 19,867 20,336 

Female 2,485 3,235 4,134 4,981 5,301 5,889 5,932 6,216 6,614 

Life sciences' 54,325 53,330 53,454 53,147 53,290 53,170 54.044 53,987 55,032 

Male 35.309 34,217 33,428 32,901 32,824 32,389 32,626 32,422 32,472 

Female 19,016 19,113 20,026 20,246 20,466 20,781 21,418 21,565 22,560 

Psychology 29,384 29,052 29,082 30,011 30,126 30,581 30,739 31,584 32,680 

Male 14,218 13,494 12,960 12,999 12,667 12,307 12,018 12,056 12,215 

Female 15,166 15,558 16,122 17,012 17,459 18,274 18,721 19,528 20,465 

Social sciences 80,285 79,647 78,243 74,164 71,846 71.646 72,373 74,016 74,865 

Male 47,129 45,242 44,202 40,694 38,954 38,878 38,748 39,492 39,484 

Female 33,156 34,405 34,041 33,470 32.892 32,768 33,625 34,524 35,381 

Total engineering 70,143 74,373 78,178 85,324 87,115 90,239 96,794 97,002 96,978 

Ma'e 64,006 67,042 69,860 76,047 77,355 79,800 85,090 84,946 84,564 

Female 6,137 7,331 8,318 9,277 9,760 10,439 11,704 12,056 12,414 

^Includes biological and agricultural sciences and excludes health fields. 
SOURCE; NSF, Division of Science Resources Studies. 
See figure 0-15 In Overview. 
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Appendix table 2-8. SIB graduate enrollment in doctorate-granting institutions, by field, citizenship, and 

racial/ethnic background: 1980>88 



Field, citizenship, and racial/ethnic 

background 1980' 1981' 1982 1983 1 984 1985 1986 1987 1988 



Total science and enginearing 297,?64 302,390 309,547 317,865 320,506 328,256 338,349 343,228 347,533 

Total U.S. citizens NA NA 248.448 251,283 251,975 255,329 258,413 258,491 258,396 

Black, non-Hispanic 8,033 7,832 8,997 9,241 8,883 8,769 8,870 8,765 9,395 

Aslan/Paciflclslander 6,555 6,219 7,168 7,927 8.746 10,526 11,355 12,867 14,020 

Hispanic 5,662 5,776 7,211 7,931 7,897 7,928 8,250 8,446 8,438 

White. non-Hispanic 178,508 170,576 198,190 207,211 205,612 206,818 211,184 211,589 212,028 

Other or unknown 647 540 26,882 18,973 20,837 21,288 18,854 16,824 14,515 

Fofeign NA NA 61,099 66,582 68,531 72,927 79.936 84,737 89,137 

Total science 227,121 228,017 231,369 232,541 233,391 238,017 242,555 246,226 250,555 

Total U.S. citizens NA NA 194,320 I92,3ba 191,614 192,790 193,427 193,754 195.075 

Black. non-Hispanic 7,199 7.051 8,013 8,038 7,588 7,539 7,561 7.486 8,065 

Asi^n/PacifiC Islander 4,054 4,207 4,759 5,094 5,468 6,246 6,708 7,685 8,356 

HifJanIc 4,672 4,907 6,217 6,622 6,521 6,588 6,712 6,850 6.850 

«V lite, non-Hispanic 143,144 135,272 158,150 161,928 159,546 159,808 161,523 161,313 163,116 

Other or unknown 572 432 17,181 10,680 12,491 12,609 11,023 10,420 8,688 

Foreign NA NA 37.049 40.179 41,777 45,227 49,128 52,472 55.480 

Physical sciences 25,393 25,780 26.499 27.747 28,410 29,312 30,543 30,967 31,266 

Total U.S, citizens NA NA 1P,860 20,375 20,618 20,690 20.826 20,687 20,562 

Black, non-Hispanic 332 345 434 427 456 388 383 398 437 

Aslan/Paclflclslander 576 565 628 641 787 837 822 936 1,139 

Hispanic 337 355 461 539 507 564 587 547 574 

White, non-Hispanic 15.562 15,164 16,734 17,641 17,631 17,369 17,654 17,186 17,382 

Other or unknown 14 16 1,603 1,127 1,237 1,532 1,380 1,620 1,030 

Foreign NA NA 6,639 7,372 7,792 8,622 9,717 1 0,280 1 0,704 

Environmental sciences 12.795 13,063 13,757 14,281 14,286 14,217 13,989 13,3S8 1?,967 

Total U.S. citizens NA NA 11,943 12,479 12,550 12,403 12,024 11,262 10,627 

Black, non-Hispanic 72 79 75 99 101 111 90 87 97 

Asian/Pacific Islander 153 115 178 206 155 167 146 174 189 

Hispanic 133 148 156 200 241 192 217 227 211 

White, non-Hispanic 8,957 9,510 10,382 11,350 10,952 10,899 10,855 10,230 9,755 

Other or unknown 36 14 1,152 624 1,101 1,034 716 544 375 

Foreign NA NA 1,814 1,802 1,736 1,814 1,965 2,106 2,340 

Mathematical sciences 13,625 14,004 14,758 14,385 15.067 15,268 15,663 16,221 16,795 

Total U.S. citizens NA NA 10,531 10.270 10.176 10,177 10,178 10,418 10,715 

Black, non-Hispanic 220 239 268 275 255 267 303 312 293 

Asian/PacifiClsiander 292 320 404 426 421 498 586 645 611 

Hispanic 156 203 244 295 250 231 240 237 296 

White, non-Hispanic 7,342 7,163 8.513 8,585 8,419 8,336 8,192 8,317 8.735 

Other or unknown 38 6 1,102 689 831 845 857 907 780 

Foreign NA NA 4,227 4,615 4,891 5,091 5,485 5,803 6,080 

Computer science 11,384 13,141 15,576 18,306 20,366 23,823 25,204 26,083 26,950 

Total U.S. citizens NA NA 11,954 13,552 14,830 17,391 18,303 18,546 19,071 

Black, non-Hispanic 117 189 349 371 377 457 506 591 641 

Asian/Pacificlsiander 395 505 645 808 890 1,376 1,526 1,837 2,072 

Hispanic 68 78 176 194 208 381 347 436 407 

White, non-Hispanic 5,603 6,411 9,225 10,202 10,889 12,689 13,543 14,108 14,680 

Other or unknown 8 3 1,559 1,977 2,466 2,488 2,381 1.574 1,271 

Foreign NA NA 3,622 4,754 5,536 6,432 6,901 7,537 7,879 
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45 


641 


352 


192 


348 


273 


191 


271 






NA 


7,811 


8,371 


8,579 


9,199 


10,275 


11.307 


12,294 


Psycnoiogy 


29,384 


29,052 


29,082 


30,011 


30|126 


30,581 


30,739 


31.584 


32,680 


Total U S citbans 


NA 


NA 




on floo 






OQ AA'^ 
C9,440 




31 .227 




1.024 


1,051 


1.131 


1,286 


1,317 


1,195 


1,200 


1.203 


1,278 


Asian/Pacific Islander 


286 


334 


352 


382 


410 


438 


4S6 


602 


628 






1,058 


' 1,240 


1,278 


1,360 


1,380 


1,459 


1.371 


1,426 






17,053 


21.935 


24,296 


23,720 


24,178 


24,628 


25,731 


26,425 






61 


3,317 


1,580 


2,116 


2.101 


1,668 


1.344 


1,470 






NA 


1,107 


1,189 


1,203 


1.289 


1,296 


1.333 


1.453 






79,647 


78,243 


74,164 


71,846 


71,646 


72,373 


74.016 


74.865 


Total U S citlzans 


NA 


NA 


Aft A1 A 


Oc,uao 


CQ ana 


90, ODD 


CQ QQil 
30,004 


en n4 n 
39,910 


4 oc 






4,381 


4,806 


4,648 


4,130 


4,137 


4,032 


3,970 


4.268 






1,375 


1,382 


1,359 


1,457 


1,467 


1,527 


1,744 


1.729 






2,434 


3,065 


3,148 


2,968 


2,718 


2,716 


2,894 


2 676 






44.892 


51,639 


49,849 


47,682 


47,574 


48,067 


48,420 


48.888 






287 


5,522 


3,084 


3,569 


2,970 


2,542 


2,882 


2.574 






NA 


11,829 


12,076 


12,040 


12,780 


13,489 


14.106 


14.730 






74,373 


78,178 


85,324 


87,115 


90,239 


95,794 


97,002 


96,978 


Total U.S. Citizens 


NA 


NA 


54,128 


58,921 


60,361 


62,539 


64,986 


64,737 


63,321 






781 


984 


1,203 


1,295 


1,230 


1,309 


1,279 


1,330 






2,012 


2,409 


2,833 


3.278 


4,280 


4,647 


5,182 


5,664 






869 


994 


1,309 


1,376 


1,340 


1,538 


1,596 


1,588 






35,304 


40.040 


45,283 


4S.066 


47,010 


49,661 


50,276 


48,912 






108 


9,701 


8,293 


8,346 


6,679 


7,831 


6,404 


5,827 






NA 


24,050 


26,403 


26,754 


27,700 


30,808 


32.265 


33,657 



NA> Not available. 



^ For part-time students, distribution by citizenship was not requested prior to 1 982. 
^Includes agricultural and bloiogical sciences and excludes health fields. 
SOURCE: NSF. Division of Science Hasources Studies. 
See text table 2-2. 
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Appendix table 2-9. S/E graduate enrollment In doctorate-granting Institutions, by field, racial/ethnic group, 

citizenship, and enrollment status: 1980<88 



Full-lime 



Pifitd facial/ethnic (irnun anri riti7onchin 




1 901 


1 QAO 
1 90e 


4 QQO 
I9OO 


4 OQA 

1984 


4 1)0 C 

i985 


4 AOC 

1986 


4 AO ^ 

1987 


1988 




206.232 


212,083 


216,012 


223.135 


224.701 


227,486 


236.748 


24C.966 


245,463 


Tntal 1 1 Q ritl^one 


1 01 104 f 


101 ,000 


4 eo QCQ 
loc,ooo 


4 cc e^o 
165,673 


4 cc ^oe 
16S.736 


4 CO A77 

163,977 


A CC cc 4 

166.651 


4 C^ 04 A 

167,312 


167,741 


WUhito 




i i 0 yt 7fi 

1 10,4f 0 


4 00 ODO 

13c,3o3 


4 00 ACO 

139.962 


139,116 


4 OC n^4 

135.971 


A on 

139,563 


138,582 


139,345 


Riftrk 


A Ma 


A 7Qfi 
4, f 90 


C OOQ 

0.329 


C O^Q 

5,379 


5,227 


C 4 04 

5.1 0I 


c A nc 

5,196 


5,224 


5,638 


Micnanir 


0,90D 


0 7Q0 


A C4 A 

4,01 


A QilO 

4,942 


A QQC 

4.996 


C AOC 

5,836 


c jnn 

5.400 


5,499 


5,538 


Acion 


A 


A 4 OR 

4,100 


A CCA 

4,004 


c ono 
5,30o 


c nc4 
6,051 


c Aon 

6.930 


■9 cno 

7,623 


A ^4 #% 

8.710 


9,663 


OthAr U riti^one 




on QR9 
OU,O0c 


4 e Qfio 
10,9Oo 


4 n noo 
10.0o2 


4 n Oil c 
10.346 


4 n ncA 
1O1O59 


0 ocn 

8,869 


9,297 


^ CC^ 

7.557 


PofAinn 


AC CQI 
40,09 1 


OUiOl / 


CO 4 AA 

00,144 


C7 xfio 
57,4q2 


Co QCC 

5o.9o5 


CO CAA 

63,509 


^n nn^ 

70.097 


^n cc A 

73.654 


77,722 




166,293 


167,266 


167.325 


170,445 


170,727 


172,669 


177,717 


160.614 


183,807 


Total 1 1 Q oitl9onc 


10^,111 


A OR Qcn 

loo.you 


4 OA QQO 
104,990 


4 OC OQO 

135,222 


134.369 


4 on CCQ 

132.658 


40^ nnn 

134,028 


134,351 


134,516 




lU0|09l 


1 nn AOQ 


4 4 4 00 4 

1 1 1,C01 


4 4 C f\Af\ 

116,040 


4 4 il il 4 c 
1 14,415 


444 ^^A 

111,774 


4 4 0 a^cn 

113,859 


^ 4 n nnn 

1 13,080 


113.664 




A AAA 


A AnA 

4,4U4 


A QCC 

4.000 


4,772 


A CQC 

4,585 


A C OC 

4,536 


A AO A 

4,484 


^ ccn 

4,560 


4,903 


Micnanip 




0 OiA 

0.014 


0 QilA 
0.944 


A onQ 
4,209 


A OQQ 

4,2o9 


C 4 4 0 

5,1 10 


A CC^ 

4,567 


4,678 


4,618 


Aclan 


0,UOc 


0 nR7 
0,UOf 


0 000 
0,00^ 


0 7ne 
3,706 


il OOil 

4,024 


A A CC 

4,4o6 


A n4 0 

4,918 


5,656 


6,157 


Othor 1 1 ritl9Anc 


1 yiOi f 


OA 70C 


4 4 con 
1 1 .ooU 


C ilQC 

6,495 


^ OCA 

7,052 


C ^CJ 

6,764 


6,200 


6,377 


5,174 


PnrAinn 


OQ i DO 


04 04 c 

0I ,o1o 


00 000 
32,332 


OC nnn 

35,223 


OC OCQ 

36,358 


40,011 


43,689 


46,263 


49,291 




22,254 


22,600 


23,330 


24,502 


25,147 


25,938 


27,069 


27,652 


27,832 


Total 1 1 Q ritlvonc 


1 o,ooo 


i c coo 
1 0,0^0 


4 7 noQ 

1 7,03o 


4 ^ ACQ 

1 7, 458 


4 7 74 A 

17,719 


4 ^ cne 

17.685 


17,778 


17,856 


17,621 


Whito 


4 Q COD 

1 o,ooo 


A 0 ocn 


4 A AA C 

14.415 


4 C 4 il C 

10,145 


4 C 4 4 B 

10,1 18 


14,912 


15.072 


14.780 


14,831 


RIark 


^0^ 


07A 
CfH 


OOQ 

339 


000 
330 


oco 

363 


300 


312 


327 


354 


MicnAnir 


coo 


Oi c 
OlO 


07C 
0/0 


AO^ 

434 


il il il 
444 


C4 il 

514 


cn A 

531 


495 


525 


AcSan 


490 


>l CO 

4o2 


con 

502 


coo 

538 


^00 
683 


^ J n 

742 


7n^ 
737 


859 


1,027 




4 QQC 

1 ,9oO 


A 000 


4 Anf 
1,407 


4 044 

i,On 


1,111 


1,217 


1,126 


1,395 


884 




OtOOD 


c n?? 


0,292 


f nAA 
7,044 


7.428 


0 neo 

8,253 


9,291 


9.796 


10.211 




10,265 


10,491 


10,873 


11,4S7 


11,266 


10.871 


10.862 


10,097 


9,893 


Total 1 1 oit'i^onc 


0,90U 


a noe 


Q OCQ 
9,^09 


0 OAn 

9,o42 


A 74 C 

9,716 


n noC 

9.236 


9,080 


8,217 


7.791 


\A/hito 


1 /^u 


e DAQ 


f QQQ 

7,999 


0,920 


0 OA 4 

8,391 


0 nc^ 

8,067 


8,155 


7,395 


7,113 


Clark 


CA 


09 


CO 

59 


77 


^n 

79 


82 


62 


63 


70 


Mi^nanip 


4 i i 

111 


1 oe 
1^0 


440 
112 


4 OC 

135 


4 00 
183 


4 cn 

160 


4 0 4 
181 


193 


171 


Acian 


lOO 


1 nn 

lUU 


4 on 
130 


A AA 

144 


4 OA 

132 


4 il 7 
147 


4 n^ 

137 


154 


174 




1 ,460 


4 ono 
1,o9o 


969 


566 


931 


780 


545 


412 


263 


Poroinn 


1 ,003 


1 AAC 
1 ,400 


4 cnA 
1 .004 


4 ccc 
1,6o5 


4 ceo 
1,550 


4 coc 
1.635 


A 7An 

1,782 


4 nnn 

1,880 


2,102 




9.368 


9,680 


10,174 


10.316 


10,613 


11.160 


11,727 


12.364 


12,791 


Total 1 1 C rltlvonc 


0,^10 


0,1 09 


C A CO 

0,453 


6,236 


6,266 


c cnn 

6,509 


6,776 


7,071 


7,254 


WhitA 


A fiRO 

4,o0c 


A CQQ 


c 007 
0,227 


c nnA 

5,224 


C AAC 

5,226 


c 04 0 

5.318 


c ccn 

0,562 


5.632 


5,997 


RIark 


IUO 


4 4 Q 

119 


4 Jl c 
146 


128 


4 0 il 
134 


4 ^n 

162 


192 


212 


175 


Micnanip 


1 oc 
1^0 


A C7 

157 


4 CO 

163 


A04 

201 


4 CO 

168 


161 


160 


186 


215 


Aclan 




001 

C0 1 


^7o 


QQC 

2o5 


Ail C 

246 


OSA 
352 


il nn 

423 


AC A 

454 


^ d n 

419 


Othor 1 1 Q /«itl70ne 


900 


4 nco 
1,U0o 


COQ 

639 


one 

39o 


J An 

492 


C4 C 

516 


439 


587 


448 


CofolAn 


0,100 


0 C01 
0,0^1 


3,721 


4,080 


A fi A^ 

4,347 


A CCd 

4,651 


4,951 


5,293 


5,537 




5.900 


6,465 


7,908 


9,276 


10,108 


12,374 


13.389 


13.639 


13,811 


Total 1 1 Q pltt90nc 


4,UoU 


A ocn 


C 4 07 

0,137 


5,763 


C 4 AA 

6,109 


7 il 0 4 

7,481 


7.943 


7,929 


7,729 


WhItA 


C|0lO 


0 1 C4 
0,1 OI 


0 ocn 
3,o50 


A >l 4 0 

4,419 


A ^OC 

4,736 


c cnn 

5.509 


c no ^ 

6,084 


6.044 


5,893 


RIark 


00 


7n 

70 


4 4 c 
116 


440 
118 


4 no 

128 


4 Cil 

154 


227 


245 


244 


LJicnanIr 


on 
oU 


07 
0/ 


06 


00 
o3 


A7 

97 


4 nc 

106 


4 no 

138 


129 


140 


Aclan 


1 AO 


1 99 


07Q 


A AC 

445 


il CO 

453 


CA7 

597 


^nn 

720 


883 


1,005 




A on? 

1 ,307 


?QO 

793 


One 

806 


698 


cne 

695 


4 A A C 

1,115 


774 


628 


447 


Poroton 


i,07U 


0 one 


2,771 


3,Ol3 


0 nnn 

3.999 


A 0 AO 

4.893 


c ^ ^c 

5,446 


c ^4 n 

5.710 


6,082 




45,408 


45,084 


44,726 


44,654 


45,011 


44.417 


45,461 


45,834 


46.912 




38.909 


38,156 


37,574 


36,935 


37,084 


35.928 


35,932 


35,376 


35,468 


White 


32*088 


30,565 


32,884 


33,215 


33.553 


31.792 


31.695 


31.106 


30,910 




635 


599 


736 


733 


697 


727 


705 


715 


803 




787 


531 


726 


804 


827 


1.701 


959 


971 


1,080 




1,008 


866 


989 


1,092 


1,201 


1.297 


1,421 


1.552 


1.766 




4.391 


5,595 


2,239 


1.091 


806 


411 


952 


1.032 


909 




6,505 


6,928 


7.152 


7.719 


7,927 


0.489 


9.529 


10,458 


11,444 
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Appencllx table 2*9. (Continued) 



Full-time 



Field, racial/ethnic group, and citizenship 1 980^ 

Psychology 21 ,580 

Tot?.l U.S. citizend 20,526 

White 14,764 

Black 830 

Hispanic 846 

Asian 247 

Other U.S. citizens 3,839 

Foreign 1,054 

Social sciences 51.518 

Total U.S. citizens 41,835 

White 31 ,366 

Black 2,523 

Hispanic 1,216 

Asian 828 

Other U.S. citizens 5,902 

Foreign 9,683 

Total engineering 41,939 

Total U.S. citizens 24,436 

White 18,341 

Black 436 

Hispanic 562 

Asian 1 ,484 

Other U.S. citizens 3,613 

Foreign 17,503 



198r 1982 1983 1984 1985 1986 1987 1988 



21,544 
20.712 
13,062 
788 
871 
291 
5,700 
832 

51,402 
41,114 
28,943 
2,495 
1,278 
928 
7.470 
10,288 



25.616 
18,039 
394 
479 
1,068 
5,635 



21,103 
20,216 
15.574 
802 
936 
274 
2,630 
887 

49,211 
39,306 
31,282 
2,658 
1,546 
880 
2,940 
9,905 



22,150 
21.214 
18,041 
875 
908 
298 
1,092 
936 

48.050 
37.774 
31,076 
2.511 
1,644 
904 
1.639 
10,276 



21.601 
20,677 
17.277 
864 
938 
321 
1,277 
924 

46,981 
36,798 
30,118 
2,320 
1,632 
988 
1,740 
10,183 



21,341 
20,309 
17,097 
813 
915 
337 
1,147 
1,032 

46,568 
35.510 
29,079 
2,298 
1,561 
994 
1,578 
11,058 



21,997 
20,966 
17,702 
831 
1,035 
385 
1,013 
1,031 

47,212 
35,553 
29,389 
2,155 
1,563 
1,095 
1,351 
11,659 



22.567 
21,478 
18,477 
815 
971 
493 
722 
1,089 

48,461 
36,424 
29,646 
2,183 
1,733 
1,261 
1,601 
12,037 



27,875 
21,152 
473 
570 
1,322 
4,358 



30,451 
23,922 
607 
733 
1,602 
3,587 



31,367 
24,697 
642 
707 
2,027 
3,294 



31,319 
24,197 
645 
718 
2,464 
3,295 



3^,623 
25,704 
712 
833 
2,705 
2,669 



32,961 
25,502 
664 
821 
3,054 
2,920 



23,360 
22,149 
18,911 
881 
977 
510 
870 
1,211 

49,208 
36,504 
30,009 
2,376 
1,510 
1,256 
1,353 
12,704 



44,8'i7 48,667 52,690 53,974 54,817 59,031 60,352 61,656 



33,225 
25,681 
735 
920 
3,506 
2,383 



19,201 20,812 22,239 22,607 23,498 26,408 27,391 28,431 
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Appendix table 2-9. (Continued) 



Part-time 



Field, racial/ethnic group , and citizenship 1 980' 

Total science and engineering 89,032 

Total U.S. citizens NA 

Wliite 53,776 

Black 3,149 

Hispanic 1,697 

Asian 2,019 

Other U.S. citizens NA 

Foreign NA 

Total sciences 60,828 

Total U.S. citizens NA 

White 36,753 

Black 2,751 

Hispanic 1,269 

Asian 1,002 

Other U.S. citizens NA 

Foreign NA 

Physical ixiences 3,139 

Total U.S..-.: -e.-s NA 

White 1,924 

Black 70 

Hispanic 49 

Asian 81 

Other U.S. citizens NA 

Foreign NA 

Environmental sciences 2,530 

Total U.S. citizens NA 

White 1 ,787 

Black . . 18 

Hispanic 22 

Asian 18 

Other U.S. citizens NA 

Foreign NA 

Mathematical sciences 4,257 

Total U.S. citizens NA 

White 2,490 

Black 114 

Hispanic 31 

Asian 95 

Other U.S. citizens NA 

Foreign NA 

Computer science 5,484 

Total U.S. citizens NA 

White 3,090 

Black 79 

Hispanic 38 

Asian 253 

Other U.S. citizens NA 

Foreign NA 

Ufesclences^ 8,847 

Total U.S. citizens NA 

White 5,950 

Black 167 

Hispanic 155 

Asian 154 

Other U.S. citizens NA 

Foreign NA 



1981' 



1983 



1984 



1985 



1986 



1987 1988 



90,307 
NA 
52,098 
3,034 
1,983 
2,084 
NA 
NA 

60,751 
NA 
34,833 
2,647 
1,593 
1.140 
NA 
NA 

3,180 
NA 

1,904 
71 
40 
113 
NA 
NA 

2,572 
NA 

1,661 
20 
21 
15 
NA 
NA 

4,324 
NA 

2,564 
120 
46 
89 
NA 
NA 

6,676 
NA 

3,250 
119 
36 
306 
NA 
NA 

8,246 
NA 

5,514 
168 
107 
127 
NA 
NA 



93,535 
85,580 
65,807 
3,668 
2,697 
2,514 
10,894 
7,955 

64,044 
59,327 
46,919 
3,157 
2,273 
1,427 
5,551 
4,717 

3,169 
2,822 
2,319 
95 
86 
126 
196 
347 

2,884 
2,674 
2,383 
16 
44 
48 
183 
210 

4,584 
4,078 
3,286 
122 
81 
126 
463 
506 

7,668 
6,817 
5,375 

233 
90 

366 

753 

651 

8,728 
8,069 
6,838 

214 

149 

181 

887 

659 



94,730 
85,610 
67,249 
3,662 
2,989 
2,619 
8,891 
9.120 

62,096 
57,140 
45,888 
3,266 
2,413 
1,388 
4,185 
4,956 

3,245 
2,917 
2,496 
97 
105 
103 
116 
328 

2,784 
2,637 
2,430 
22 
65 
62 
S3 
147 

4,569 
4,034 
3,361 
147 
94 
141 
291 
535 

9,030 
7,789 
5,783 
253 
111 
363 
1,279 
1,241 

8,493 
7,841 
6,790 
199 
164 
180 
508 
652 



95,805 
86,239 
66,496 
3,656 
2,901 
2,695 
10,491 
9,566 

62,664 
57,24R 
45,127 
3,003 
2,232 
1,444 
5,439 
5,419 

3,263 
2,899 
2,513 
93 
63 
104 
126 
364 

3,020 
2,834 
2,561 
22 
58 
23 
170 
186 

4.454 
3,910 
3,193 
121 
82 
175 
'339 
544 

10,258 
8,721 
6,153 
249 
111 
437 
1.771 
1,537 

8,279 
7,627 
6.700 
255 
160 
147 
365 
652 



100,770 
91,352 
70,847 
3,588 
2,818 
3,596 
10,503 
9,418 

65,348 
60,132 
48,034 
3,003 
2,196 
1,780 
5,119 
5,216 

3,374 
3,005 
2,457 
88 
50 

as 

315 
369 

3,346 
3,167 
2,832 

32 
20 
254 
179 

4,108 
3,668 
3,018 
105 
70 
146 
329 
440 

1 1 ,449 
9 910 
7,180 
303 
275 
779 
1,373 
1,539 

8,753 
8,043 
6,971 
257 
147 
166 
502 
710 



101,601 
91 ,762 
7V621 
3,574 
2,850 
3,732 
9,985 
9,839 

64.838 
59,399 
47,664 
2,977 
2,145 
1,790 
4,823 
5,439 

3.474 
3,048 
2,582 
71 
56 
85 
254 
426 

3,127 
2,944 
2,700 
28 
36 
9 
171 
183 

3,936 
3,402 
2,630 
111 
80 
163 
418 
534 

11,315 
10,360 
7,459 
279 
209 
806 
1,607 
1,455 

8,583 
7,837 
6,689 
242 
187 
192 
527 
746 



102,262 
91,179 
73,007 
3,541 
2,937 
4,157 
7.637 
11,083 

65,612 
59,403 
48,233 
2,926 
2,162 
2,029 
4,053 
6,209 

3,315 
2,831 
2,406 
71 
52 
77 
225 
484 

3,271 
3,045 
2,835 
24 
34 
20 
132 
226 

3,857 
3,347 
2,685 
100 
51 
191 
320 
510 

12,444 
10,617 
8,064 
346 
297 
954 
956 
1,827 

8,153 
7,304 
6,215 
210 
167 
195 
517 
849 



102,070 
90,655 
72,683 
3,757 
2,900 
4,357 
6,958 
11,415 

66,748 
60,559 
49,452 
3,162 
2,232 
2,199 
3,514 
6,189 

3,434 
2,941 
2,551 
83 
49 
112 
146 
493 

3,074 
2,836 
2,642 
27 
40 
15 
112 
238 

4,004 
3,461 
2,738 
116 
81 
192 
332 
543 

13,139 
11,342 
8,787 
397 
267 
1,067 
824 
1,797 

8,120 
7.270 
6,341 
248 
180 
222 
279 
850 
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Appendix table 2*9. (Continued) 



Part-time 



Field, racial/ethnic group, and citizenship 1980< 1981^ 1982 

Psychology 7,804 7,508 7,979 

Total U.S. citizens NA NA 7,759 

White 4,233 3,991 C,361 

Black 194 263 329 

Hispanic 199 187 304 

Asian 41 43 78 

Other U.S. citizens NA NA 687 

Foreign NA NA 220 

Social sciences 28,767 28,<i45 29,032 

Total U.S. citizens NA NA 27,108 

White 17,279 15,949 20,357 

Black 2,109 1,886 2,148 

Hispanic 775 1,156 1,519 

Asian 360 447 502 

Other U.S. citizens NA NA 2,582 

Foreign NA NA 1,924 

Total engineering 28,204 29,556 29,491 

Total U.S. citizens NA NA 26,253 

White 17,023 17,265 18,888 

Black 398 387 511 

Hispanic 428 390 424 

Asian 1.017 944 1,087 

Other U.S. Citizens NA NA 5,343 

Foreign NA NA 3,238 

NA a Not available. 

^For part-time students, distribution by citizenship was not requested prior to 1982. 
^Includes agricultural and biological sciences and excludes health fields. 
SOL'l-lOE: NSF, Division of Science Resources Studies. 
See text table 2-2 and figure 0-16 in Overview. 



1983 



1984 



1985 



1986 1987 



1988 



7,861 
7,608 
6,255 
411 
370 
84 
488 
253 

26,114 
24,314 
18,773 
2,137 
1,504 
455 
1,445 
1,800 

32,634 
28,470 
21,361 
596 
576 
1,231 
4,706 
4,164 



8,525 
8,246 
6,443 
453 
422 
89 
839 
279 

24,865 
23,008 
17,564 
1,810 
1,336 
469 
1,829 
1,857 

33,141 
28,994 
21,369 
653 
669 
1,251 
5,052 
4,147 



9,240 
8,933 
7,081 
362 
465 
101 
954 
257 

25,078 
23,356 
18,495 
1,839 
1,157 
473 
1,392 
1,722 

35,422 
31,220 
22,813 
585 
622 
1,816 
5,384 
4,202 



8,742 
8,477 
6,926 
369 
424 
103 
655 
265 

25,161 
23,331 
18,678 
1,877 
1,153 
432 
1,191 
-1.830 

36,763 
32,363 
23,957 
597 
705 
1,942 
5,162 
4,400 



9,017 
8,773 
7,?54 
388 
400 
109 
622 
244 

25,555 
23,486 
18,774 
1,787 
1.161 
483 
1,261 
2,069 

36,650 
31,776 
24,774 
615 
775 
2,128 
3,484 
4,874 



9,320 
9,078 
7,514 
397 
449 
118 
600 
242 

25,657 
23,631 
18,879 
1,892 
1,166 
473 
1,221 
2,026 

35,322 
30,096 
23,231 
595 
668 
2,158 
3,444 
5,226 
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Appendix table 2-10. S/E postdoctorates In doctorate-granting institutions, by field and citizenslilp: 1980-88 



Field 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 




14,013 


14,781 


14,o76 


15,703 


16,229 


16,988 


17,974 


18,925 


1 9,877 


Foreign 




5,938 


5,962 


6,210 


6,516 


7,220 


7,824 


8,514 


9,318 






.3,741 


13.698 


14,602 


15,035 


15,641 


16,576 


17,483 


18,201 






5,229 


6,305 


5,519 


5,757 


6,313 


6,884 


7,568 


8,216 


Total(Jiysical sciences 


4,264 


4,462 


4,281 


4,444 


4,386 


4,517 


4,843 


4,953 


5,187 






2,358 


2,367 


2,385 


2,412 


2,501 


2,640 


2,778 


2,931 


Total environmental sciences 


308 


339 


335 


415 


488 


375 


417 


420 


508 






126 


121 


159 


164 


125 


141 


162 


189 


Total matliematical sciences 


162 


113 


194 


170 


203 


226 


201 


228 


280 






61 


126 


90 


100 


114 


101 


110 


133 


Total computer science 


43 


34 


46 


82 


63 


74 


74 


100 


91 






16 


12 


45 


21 


29 


29 


35 


39 


Total life sciences^ 




7,990 


8,035 


8,699 


9,116 


9,583 


10,169 


10,934 


11,309 






2,491 


2,513 


2,663 


2,910 


3,363 


3,796 


4,321 


4.779 






471 


520 


435 


422 


498 


520 


458 


497 






54 


65 


61 


46 


64 


50 


73 


73 






332 


287 


357 


357 


368 


352 


390 


329 






123 


101 


116 


104 


127 


127 


89 


72 


Total engineering 




1,040 


978 


1,101 


1,194 


1,347 


1,398 


1,442 


1,676 


Foreign 




709 


657 


691 


759 


907 


940 


946 


1,1C2 



includes bioiogical and agricuitural scisnces and excludes health fields. 
SOURCE: NSF. Division of Science Resources Studies. 
See figure 27. 
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Appendix table 2*11. Academic degrees, by degree level, S/E degrees, and S/E degrees earned by females: 1960*88 



Bachelor's 



Master's 



Doctorates 



Number 



Percent 



N- "Tiber 



Percent 



Female S/E Female' 



Total 



S/E 



Female S/E Female' 



Total 



Total S/E 

1960 394,889 120,937 19,362 30.6 16.0 74,497 20,012 2,074 26.9 10.4 9,733 

1961 401,784 121,660 20,595 30.3 16.9 78,269 22,786 2,464 29.1 10.8 10,413 

1962 420,485 127,469 23,485 30.3 18.4 84,889 25,146 2,812 29.6 11.2 11,500 

1963 450,592 135,964 27,099 30.2 19.9 91,418 27,367 3,194 29.9 11.7 12,728 

1964 502,104 153,361 32,473 30.5 21.2 101,222 30,271 3.567 29.9 11.8 14,325 

1965 538,930 164,936 36,213 30.6 22.0 112,195 33,835 4,082 .30.2 12.1 16,340 

1966 555,613 173,471 39,482 31.2 22.8 140,772 38.083 4.882 27.1 12.8 17,94d 

1967 594,862 187,849 44,002 31.6 23.4 157,892 41,800 5,717 26.5 13.7 20,403 

1968 671.591 212.174 53,463 31.6 25,2 177.150 45.425 6,'=12 25.6 14.3 22,936 

1969 769,683 244.519 63.196 31.8 25.8 194.414 48,425 7,314 24.9 15.1 25,743 

1970 833,322 264,122 68.878 31.7 26.1 209,387 49,318 8,577 23.6 17.4 29.498 

1971 884.3MS 271.176 72,996 30.7 26.9 231,486 50,624 8,658. 21.9 17.1 31,867 

^ 1972 937.884 281,228 77,671 30.0 27.6 252,774 53,567 9.557 21.2 17.8 33,041 

ti 1973 980,707 295,391 83,839 30.1 28.4 264,525 54,234 9,760 20.5 18.0 33.755 

1974 1.008.654 305.062 91,793 30.2 30.1 278,259 54,175 10,545 19.5 19.5 33,047 

1975 987.922 294.920 93,342 29.9 31.6 293,651 53,825 11,005 18.3 20.4 32,951 

1976 997.504 292,174 95,597 29.3 32.7 313,001 54,747 12,072 17.5 22.1 32,946 

1977 993.008 288.543 97,453 29.1 33.8 318.241 56.731 13,154 17.8 23.2 31,716 

1978 997.165 288,157 100,060 28.9 34.7 312,816 56.237 13,690 18.0 24.3 30.875 

1979 1.000.562 288,625 102,292 28.8 35.4 302,075 54,406 14,040 18.0 25.8 31,239 

1980 1,010,777 291.983 105,974 28.9 36.3 299,095 54,391 14,383 18.2 26.4 C1.020 

1981 1,019,246 294,867 108,442 28.9 36.8 296,798 54.811 15,014 18.5 27.4 31,357 

1982 1,036,597 302,118 113,161 29.1 37.5 296,080 57,025 15.976 19.2 28.0 31.106 

1983 1,054,242 307,225 115,611 29.1 37.6 290.931 58,868 17,081 20.3 29.0 31,280 

1984 1,061,245 314,666 118.016 29.7 37.5 285,462 59,569 17.675 20.9 29.7 31,332 

1985 1,066.439 321,439 121,439 30.1 37.8 287,213 61,278 18.298 21.3 29.9 31,291 

1986 1,074,785 323,950 NA 30.1 NA 289,829 62,526 NA 21.6 NA 31,896 

1987 NA NA NA NA NA NA NA NA NA NA 32,367 

1988 NA NA NA NA NA NA NA NA NA NA 33,456 



Number 



Percent 



S/E 



6,263 
6,721 
7,438 
P.,219 
9,224 

10,476 
11,458 
12,982 
14,448 
16,039 

17,743 
18,949 
19.007 
19,001 
18,313 

18,358 
17,864 
17.416 
17,048 
17,245 

17.199 
17,633 
17,630 
17.976 
18.107 

18,323 
18,859 
19.312 
20,257 



443 
494 
537 
598 
692 

744 

909 
1,086 
1,298 
1,483 

1,626 
1,941 
2,103 
2.450 
2,607 

2,836 
2.981 
3,106 
3,313 
3,583 

3,801 
4,023 
4,145 
4,495 
4,587 

4.682 
4.942 
5,103 
5.382 



Female S/E Female' 



64.3 
64.5 
64.7 
64.6 
64.4 

64.1 
63.8 
63.6 
63.0 
62.3 

60.1 
59.5 
57.5 
56.3 
55.4 

55.7 
54.2 
54.9 
55.2 
55.2 

55.4 
56.2 
56.7 
57.5 
57.8 

58.6 
59.1 
59.7 
60.5 



7.1 
7.4 
7.2 
7.3 
7.5 

7.1 
7.9 
8.4 
9.0 
9.2 

9.2 
10.2 
11.1 
12.9 
14.2 

15.4 
16,7 
17,8 
19.4 
20.8 

22.1 
22.0 
23.5 
25.0 
25.3 

25.6 
26,2 
26.4 
26.6 



NA > Not avallabis, 

'Percentage of S/E degrees earned by females. 
SOURCE: NSF, Division of Science Resources Studies, 
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Appendix table 2-12. S/E degrees, by level and field: 1977-88 



Field 



1 977 1 978 1 979 1 980 1 981 1 982 1 983 1 984 1 985 1 986 1 987 1 988 



Bachelor's 



Total, all fields 

Total science 

Physical sciences 

Mathematics 

Connputer science . . . 
Environmental sciences 

Liie sciences 

Psychology 

Social sciences 

Total engineering 



268,543 


2bS,157 


288,625 


291,983 


294,867 


302,118 


307,225 


314.666 


321,733 


323,950 


NA 


NA 


246,962 


240,746 


234,905 


232,743 


230,799 


234,327 


234,271 


238,135 


243,868 


246,889 


NA 


NA 


16,965 


17,172 


17,281 


17,506 


17,481 


17,311 


16,199 


15,834 


16,271 


15,786 


NA 


NA 


14,303 


12,701 


11,901 


11,473 


11.173 


11,708 


12,557 


13.342 


15,267 


16,388 


NA 


NA 


6,426 


7,224 


8,769 


11,213 


15.233 


20,431 


24,678 


32,435 


39,121 


42,195 


NA 


NA 


5,653 


6,003 


6,082 


6,155 


6,694 


7,061 


7,298 


7,925 


7,576 


6,076 


NA 


NA 


75,472 


77, ■.38 


75,085 


71,617 


6B.086 


65,041 


63,237 


59,613 


57,812 


56,465 


NA 


NA 


47,794 


45,057 


43,012 


42,513 


41,SS4 


41,539 


40,825 


40,375 


40,237 


40,937 


NA 


NA 


77,349 


75,461 


72,775 


72,266 


70,768 


71,236 


69,477 


68,611 


67,584 


69,042 


NA 


NA 


41,581 


47,411 


53,720 


59,240 


64,068 


67,791 


72,954 


76,531 


77,871 


7/ ,061 


NA 


NA 


Master's 


86,731 


56,237 


54,456 


54,391 


U 3-1 


57.025 


58,868 


69,569 


61,278 


62,526 


NA 


NA 


39,842 


39,222 


38,263 


37,545 


37,43C 


38,431 


39,147 


39.217 


40,072 


41,212 


NA 


NA 


3,686 


3,744 


3.687 


3,440 


3.424 


3,514 


3.329 


3,586 


3,642 


3,676 


NA 


NA 


t ?98 


3,383 


3,046 


2,868 




2,731 


2.839 


2.749 


2,888 


3,171 


NA 


NA 


2,798 


3,038 


3,055 


3,647 


4,218 


4,935 


5.321 


6.190 


7,101 


8,070 


NA 


NA 


1,659 


1,832 


1,777 


1,793 


1.876 


2,012 


1.959 


1,982 


2,160 


L,234 


NA 


NA 


10,707 


10,711 


10,719 


•0,278 


9,731 


9.824 


9,720 


9,330 


8,757 


8,572 


NA 


NA 


8,320 


8,194 


8,031 


7,861 


8,039 


7,C49 


8.439 


8,073 


P,481 


8,363 


NA 


NA 


8,974 


8,320 


7,948 


7,658 


7.581 


7.566 


7.540 


7,307 


7,043 


7.126 


NA 


NA 


16,889 


17,015 


16,193 


16,846 


17,373 


18,b94 


19.721 


20,352 


21,206 


21,314 


NA 


NA 



Total, all fields 

Total science 

Physical sciences 

Mathematics 

Computer science 

Environmental sciences 

Life sciences 

Psychology 

Social sciences 

Total engineering 



Doctorates 



Total, all fields 


17.416 


17,048 


17,245 


17.199 


17.633 


17.630 


17,976 


18.107 


18,323 


18,859 


19,312 


20.257 




1 V773 


14,625 , 


14,755 


14,720 


15,105 


14,984 


15,195 


15,194 


15,157 


15,483 


15,600 


16.067 




2,/ ■'I 


2,611 


2,674 


2,521 


2,627 


2,694 


2,802 


2,845 


2,916 


3,090 


3,212 


3,320 






838 


769 


744 


728 


720 


701 


698 


688 


729 


740 


749 


Computer science 


31 


121 


210 


218 


23? 


220 


286 


295 


310 


399 


450 


514 


Environmental sciences . . 


694 


623 


646 


628 


56J 


657 


637 


614 


617 


589 


628 


726 




4,266 


4,369 


4,501 


4,715 


4,786 


4,844 


4,756 


4,877 


4,902 


4,806 


4.813 


5,121 




2,989 


3.055 


3,091 


3,098 


3,358 


3,159 


3,347 


3,257 


3,117 


3,124 


3.177 


3,058 


Social jciences 


3,139 


3,008 


2,864 


2,796 


2,791 


2.690 


2,666 


2,608 


2,607 


2,746 


2.580 


2,579 


Total engineering 


2,64» 


2,423 


2,490 


2,479 


2.528 


2,646 


2.781 


2,913 


3,166 


3,376 


3.712 


4,190 



NA Not available. 

SOURCE; NSF, Division of Science Resources Studies. 
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Appendix table 2-13. S/E doctorates of non*U.S. citizens, by visa type: 1978-88 



n6IOI 


1978 


1979 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


Total, all fields 


17,048 


1 7,243 


17,199 


17,633 


17,630 


17,976 


18 107 


10 323 


18 859 


19 312 




Non-U.S. citizens, permanent visas 


970 


927 


935 


876 


834 


877 


817 


899 

Www 


969 


1 064 




Non-U.S. citizens, temporary visas 


2,506 


2,606 


2,643 


2,892 


3,051 


3,328 


3,609 


3,960 


4.056 


4,364 


4,838 


Total science 




14,755 


14,720 


15,105 


14,984 


15,195 


15,194 


15,157 


15,463 


IS 600 


16 067 




645 


605 


636 


575 


538 


558 


543 


584 


626 


709 


729 




1,738 


1,791 


1,792 


1,950 


2,021 


2,158 


2,340 


2,541 


2,684 


2.832 


3,115 


Physical sciences 


2,611 


2,674 


2,521 


2,627 


2,694 


2,802 


2,845 


2,916 


3,090 


3,212 


3 320 


Non-U.S. citizens, permanent visas 


183 


165 


151 


147 


119 


1?0 


119 


135 


133 


147 


137 


Non-U.S. citizens, temporary visas 


397 


415 


426 


442 


506 


539 


564 


620 


758 


798 


862 


Mathematics 


838 


769 


744 


728 


720 


701 


698 


688 


729 


740 


749 




47 


51 


62 


43 


41 


46 


36 


42 


36 


51 


43 




155 


149 


139 


186 


192 


209 


232 


238 


272 


302 


304 






210 


218 


232 


220 


286 


295 


310 


399 


450 


514 


Non-U.S. citizens, permanent visas 


5 


12 


13 


20 


12 


27 




24 


47 


32 


42 


Non-U.S. citizens, temporary visas 


26 


32 


43 


40 


59 


72 


89 


69 


123 


143 


174 




623 


646 


628 


583 


657 


637 


614 


617 


589 


628 


726 




22 


34 


26 


16 


29 


30 


25 


32 


24 


25 


30 


Non-U.S. citizens, temporary visas 


68 


71 


80 


85 


81 


106 


106 


119 


106 


125 


137 


Life sciences 


4,369 


4,501 


4,715 


4,786 


4,844 


4,756 


4,877 


4,902 


4,806 


4.813 


5,121 




185 


161 


186 


159 


140 


150 


149 


151 


165 


208 


262 


Non-U.S. citizens, temporary visas 


559 


562 


592 


613 


603 


629 


675 


779 


711 


780 


698 






3,091 


3,098 


3,358 


3,159 


3,347 


3,257 


3,117 


3,124 


3,177 


3,058 


Non-U S. citizens, permanent visas 


54 


45 


50 


47 


47 


64 


51 


59 


65 


59 


59 


Non-U.S. citizens, temporary visas 


61 


73 


71 


80 


65 


79 


ee 


81 


81 


85 


84 


Social sciences 


3,008 


2,864 


2,796 


2,791 


2,690 


2.666 


2,608 


2,607 


2,746 


2,580 


2,579 


Non-U.S. citizens, permanent visas 


149 


137 


148 


143 


150 


121 


146 


141 


156 


187 


156 




472 


489 


441 


504 


515 


524 


586 


615 


633 


599 


656 






2,490 


2,479 


2,528 


2,646 


2,781 


2,913 


3,166 


3,376 


3,712 


4,190 


Non-U.S. citizens, permanent visas 


325 


322 


299 


301 


296 


319 


274 


315 


343 


355 


366 


Non-U.S. citizens, temporary visas 


768 


815 


851 


942 


1,030 


1,170 


1,269 


1.419 


1,372 


1.532 


1,723 



SOURCE: ^*SF. Division of Sciencd Resources Studies. 
See figure 2-S. 
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Appendix table 2-14. S/E Ph.D.s of U.S. citizens, by field and gender: 1975-88 



1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Total, all fields 27,081 27,269 26,119 25,291 25,464 25,221 25,061 24,388 24,358 24,026 23,363 23,081 22,991 23,172 

Male 20.662 20,427 19,155 17,936 17,580 16.875 16.360 15.559 1f,.119 14.729 14.217 13.633 13.581 13,667 

Fen^ale 6,419 6.842 6.964 7.355 7,884 8.346 8,701 8,829 9.239 9,297 9,146 9.448 9,410 9,505 '■- 

Totalnon-S/E 13,066 13,496 12,712 12,205 12.207 12.042 11.763 11,366 11.255 11.049 10.687 10.466 10,428 10,325 

Male 9.058 9.189 8.376 7.642 7.367 6.967 6,476 6,071 5.852 5,612 5.360 4,982 5,015 4,934 

Female 4.008 4.307 4,336 4.563 4.840 5,075 5,287 5.295 f 403 5,437 5.327 5.484 5.413 5,391 

Total S/E 14.015 13.773 13.407 13.086 13.257 13.179 13.298 13.022 13.103 12.977 12.676 12,615 12.563 12.847 

Male 11.604 11.238 10.779 10,294 10.213 9,908 9,884 9.488 9.267 9.117 8.857 8.651 8.566 8.733 

Female 2.411 2.535 2.628 2.792 3,044 3.271 3.414 3,534 3,836 3,860 3.819 3.964 3.997 4,114 

Totalsoience 12,299 12.21fi 11.935 11.825 11.964 11.924 12.128 11.853 11.940 11.738 11,397 11.232 11,005 11,069 

Male 9.920 9.715 9.349 9.063 8.959 8.717 8,767 8.393 8.1C7 7.966 7.697 7.410 7.157 7.133 

Female 2,379 2,501 2,586 2,762 3.005 3.207 3,361 3,460 3,753 3,772 3.700 3.822 3.848 3.936 ~- 

PhysiCS 925 911 833 804 800 715 721 706 709 739 698 694 699 721 

Male 880 879 792 775 756 670 676 651 658 685 636 638 634 664 

Female 45 32 41 29 44 45 45 55 51 54 62 56 65 57 

Chemistry 1.392 1.264 1.238 1.174 1.240 1.169 1.235 1,285 1,355 1,332 1,345 1,320 1,381 1.373 

Male 1,2R4 1,129 1,109 1.025 1.070 984 1,056 1,076 1.121 1,083 1,084 1.044 1,085 1.067 v 

Female.. 128 135 129 149 170 185 179 209 234 249 261 276 296 306 ? 

Environmental sciences . . 492 508 559 518 532 512 472 528 483 474 442 422 425 507 

Male 462 458 512 464 482 456 425 436 402 378 354 344 342 392 

Female 30 50 47 54 50 56 47 92 81 98 88 78 83 115 

Matliematical sciences .. . 848 748 690 619 552 520 482 458 411 407 376 366 345 341 ^f. 

Male 761 663 603 528 460 447 402 386 335 333 306 297 280 282 

Female 87 85 87 91 92 73 80 72 76 74 70 69 65 59 J; 

Oomputer sciences 0 0 24 85 163 156 168 143 180 178 189 202 243 284 

Male 0 0 20 78 137 137 148 126 153 153 165 165 193 245 

Female 0 0 4 7 26 19 20 17 27 25 24 37 50 39 

Life sciences 3.473 3.497 3,396 3,522 3,674 3,849 3.891 3,964 3.859 3.910 3.829 3.704 3.568 3.658 

Male 2.760 2,804 2.702 2.744 2.814 2,871 2,859 2,851 2.688 2.773 2.678 2.513 2,375 2.373 v- 

Female 713 693 694 778 860 978 1,032 1.113 1.171 1.137 1.151 1.191 1.193 1,285 5 

Psychology 2,552 2.727 2.774 2,804 2.850 2,859 3.111 2.876 3.044 2.935 2.805 2.766 2.752 2.641 

Male 1,746 1.832 1.767 1.770 1.700 1.637 1,746 1,556 1.576 1.440 1.396 1,o30 1.262 1.179 i 

Female 806 895 1,007 1.034 1.150 1.222 1.365 1.320 1.468 1,495 1,409 1.436 1,490 1,462 v 

Other social sciences .... 2,617 2.561 2.421 2.299 2.153 2.144 2.048 1.893 1.899 1,763 1.713 1.758 1,592 1.544 | 

Male 2,047 1,950 1.844 1,679 1.540 1.515 1,455 1.311 1.254 1,121 1.078 1.079 986 931 

Female 570 611 577 620 613 629 593 582 645 642 635 679 606 613 i 

Engineering 1,716 1,557 1,472 1.261 1,293 1.255 1.170 1.169 1,163 1,239 1.279 1.383 1.558 1.778 

Male 1.684 1,523 1.430 1.231 1.254 1.191 1,117 1.095 1,080 1,151 1,160 1.241 1.409 1,600 u 

Female 32 34 42 30 39 64 53 74 83 88 119 142 149 178 



SOURCE: NSF, Division of Science Resources Studies. 
See figure 2-9. 
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Appendix table 2-15. Ph.D.8 by citizenship, selected racial/ethnic group, and gender: 1975*88 



1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 



Total U.S. citizens 
S/E Ph.0.s .... 

Male 

Female 

Non-S/E Ph.0.s 

Male 

Female 

White U.S. citizens 



14,015 
11,604 
2,411 
13,066 
9,058 
4,008 



13,773 
11,238 
2,535 
13,496 
9,189 
4,307 



13,407 
10,779 
2,628 
12,712 
8,376 
4,336 



13,086 
10,294 
2,792 
12,205 
7,642 
4,563 



13,257 
10,213 
3,044 
12,207 
7,367 
4,840 



13,179 
9,908 
3,271 

12,042 
6,967 
6,075 



13,298 
9,884 
3,414 

11,763 
6,476 
5,267 



13,022 
9,488 
3,534 

1 1 ,366 
6,071 
5,295 



13,103 
9,267 
3,836 

11,255 
5,852 
5,403 



12,977 
9,117 
3,860 

11,049 
5,612 
5,437 



12,676 
8,857 
3,819 

10,687 
5,380 
5,327 



12,615 
8,651 
3,964 

10,466 
4,982 
5,484 



12,563 
8,566 
3,997 

10,428 
5,015 
5,413 



12,847 
8,733 
4,114 

10,325 
4,934 
5,391 



S/EPh.D.s 


... 12,837 


12,586 


12,100 


11,484 


11,601 


11,647 


11,873 


11,804 


1 1 ,866 


11,684 


1 1 ,424 


11,406 


11,260 


11,559 


Male 




10,266 


9,729 


9,048 


8,944 


8,763 


8,835 


8,638 


8,434 


8,223 


6,023 


7,844 


7,704 


7,845 




... 2,216 


2,320 


2,371 


2,436 


2,657 


2,884 


3,038 


3,166 


3,432 


3,461 


3,401 


3,562 


3,556 


3,714 


Non-S/E Ph.D.s 


... 11,515 


11,787 


10,965 


10,327 


10,319 


10,346 


10,107 


9,872 


9,833 


9,665 


9,333 


9,220 


9,210 


9,126 






8,105 


7,282 


6,525 


6,317 


6,085 


5,624 


5,349 


5,175 


4,947 


4,782 


4,459 


4,468 


4,451 






3,682 


3,683 


3,802 


4,002 


4,261 


4,483 


4,523 


4,658 


4,718 


4,551 


4,761 


4,742 


4,675 



Black U.S. citizens 



S/E Ph.0.s 


240 


246 


265 


278 


288 


261 


273 


270 


269 


282 


260 


238 


222 


231 


Male 


176 


161 


181 


175 


172 


139 


152 


150 


142 


145 


141 


119 


109 


127 




64 


85 


84 


103 


116 


122 


121 


120 


127 


137 


119 


119 


113 


104 


Non-S/E Ph.D.s 


759 


849 


851 


755 


768 


771 


740 


777 


653 


671 


652 


585 


545 


574 


Male 


474 


491 


503 


409 


379 


360 


347 


333 


271 


282 


238 


203 


208 


184 




285 


358 


348 


346 


389 


411 


393 


444 


382 


389 


414 


382 


337 


390 


Hispanic U.S. citizens 






























S/E Ph.D.8 


128 


116 


159 


160 


173 


166 


191 


219 


221 


250 


237 


264 


293 


319 


Male 


113 


104 


130 


120 


126 


121 


135 


157 


128 


171 


144 


168 


169 


196 




15 


12 


29 


40 


4; 


45 


56 


62 


93 


79 


93 


96 


124 


123 


Non-S/E Ph.D.s 


175 


224 


264 


313 


289 


246 


273 


316 


318 


286 


324 


308 


326 


275 


Male 


129 


149 


180 


197 


182 


135 


140 


187 


160 


143 


156 


135 


164 


125 


Female 


46 


75 


84 


116 


107 


111 


133 


129 


158 


143 


168 


173 


162 


150 


Asian U.S. citizens 






























S/EPh.D.s 


192 


240 


246 


275 


301 


323 


327 


318 


341 


380 


371 


394 


440 


441 




158 


193 


196 


217 


236 


237 


244 


218 


233 


267 


259 


281 


317 


331 




34 


47 


50 


58 


65 


86 


83 


100 


108 


113 


112 


113 


123 


110 


Non-S/E Ph.D.s 


94 


94 


93 


115 


127 


135 


138 


134 


151 


132 


145 


137 


102 


171 


Male 


64 


51 


55 


70 


75 


76 


71 


63 


79 


71 


70 


67 


52 


82 




30 


43 


38 


45 


52 


59 


67 


71 


72 


61 


75 


70 


50 


89 


Foreign citizens, permanent 






























residents (both genders) 






























S/EPh.D.s 


1,246 


1,078 


979 


970 


927 


935 


876 


834 


877 


817 


899 


969 


1,064 


1,095 


Non-S/E Ph.D.s 


468 


416 


389 


374 


393 


356 


405 


394 


398 


407 


425 


463 


514 


516 


Foreign citizens, temporary 






























residents (both genders) 






























S/EPh.D.s 


2,742 


2,675 


2,601 


2,506 


2,606 


2,643 


2,892 


3,051 


3,328 


3,609 


3,960 


4,056 


4,364 


4,838 


Non-S/E Ph.D.s 


794 


854 


847 


915 


981 


1,001 


1,048 


1.153 


1,171 


1,221 


1.269 


1,219 


1,245 


1,338 



SOURCE: NSP, Division nf Science Resources Studies. 
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Field and source of support 



1980 1981 1982 1983 1984 1985 1986 1987 1988 



TAtal QriAnoo anfl Annlnoorinn 




PIP nflQ 


PiR nip 


PP^l 1QS 


PPd 701 
AC**, f Ul 


997 dAR 


OOC 7AA 


9An QRR 


OAS ARQ 
C40,400 




AA 7CC 


4Q MA 


di nflR 


di flni 

1 .OU 1 


di 01 1 

•♦1 ,y 1 1 


AO 7Qd 
•tc, r 9*v 


AC 9f;o 
40,cDO 


AR 09 A 
40,9cO 


A A 7 AO 
40,f4S 


InctitutinnAl cuonnrt 


M 978 




flfl RQP 


Qi Qdn 


Qd 71 R 

9*», f 1 0 


OR son 


ini 7 Ad 
1 U 1 1 r 0»» 


inA AQQ 
1U4,009 


1 n7 Q9A 
lUr ,0cO 






PI 12'!^ 

£ 1 . lew 


pp ')Rn 


PP fl^Q 


PP AOS 
ec,090 


9d 7Q1 
CHi r 0 1 


Pd A7n 


OQ A AS 
C 0,400 


9 A 1AR 
c4,loO 






61.767 


63.934 


67,155 


65.179 


63.371 


64.836 


66,017 


65.202 


TntAl criftncp 




1A7 PAA 
for |COO 


1R7 QPS 
lOr ,0c9 


1 7n ddS 
1 f u,*»*?o 


17n 7P7 

1 f U, f Cf 


1 79 RRQ 
1 r e,009 


177 71 7 

1 f f . f 1 f 


1 An R1 A 
low, 01 4 


lAQ An7 
lOO.OUr 






QP QP1 


Qn nfli 


PQ flOA 
C9|090 


on Ano 


Q1 R1 1 

01 ,01 1 


Q9 QAn 


QQ one 

00. 9UO 


QA 097 
04,9Cf 


InctitiitiAnal cimnnrt 




71 A47 


79 dRQ 


7S PPR 


77 Rno 


7 A ddd 


A1 7R9 
01 .r Oc 


oo,ouo 


AR niA 


Othflr niitcirin ciinnnrt 

^lllwl UUlOiUw 9U|J|JUIl ••••«•«••»« 


n 717 


Id Pd'^ 


Id 799 


Id flOfl 


Id QRQ 


1 S 9Q9 
1 0,cOe 


Id A9n 
1 *?,OcU 


I') QSR 
10, 900 


1 A QAn 
1 4,04U 






48.855 


49.058 


50.423 


48,340 


47,382 


48,185 


49,250 


48.524 




9P PSd 


pp Ann 


PQ Q'in 


pd snp 


PS id7 


9S QQA 
cO,900 


97 nfto 


97 RS9 
£f ,00c 


97 AQ9 
df ,O0c 


ppHapol 


7 RSS 


7 AQQ 


7 Rdd 


fl nsn 


A SSI 
0,001 


A 79Q 
O. r cO 


Q dQd 


Q R1 R 
9,01 0 


Q 7Rn 


tnctitiitinnsi Qiinnnrt 


11 QPfl 


1 1 QPd 


IP Sfll 


1Q 1RR 
10. 1 0U 


1 Q PA1 

lOicOl 


lw,000 


Id ni Q 

1»»,U10 


1A AnA 
l4,4Uo 


i A A7'J 


Ofhpr nutciHp ciinnnrt 


1 '507 




1 7dn 


1 .000 


1 7Q1 

1 , f 31 


9 ndR 


1 Qn7 

1 ,9Uf 


1 AQQ 
1 ,000 


1 OAQ 
1 ,909 




1p364 


1,361 


1,365 


1.598 


1.524 


1.633 


1.715 


1.795 


1.650 


Pni/lrnnmpntol er*!oni>pe 


in PRR 


in dQi 


1 n ft7Q 


1 1 dQ7 
1 1 ,•♦9 r 


1 1 9RR 
1 1 ,cOO 


in A71 


1 n AR9 


< n no"? 


0 AO'S 


PpHpral 




P OAS 


o Ann 


9 flQI 
C,001 


9 A1 1 
c,01 1 


9 QQQ 
c,900 


Q nid 


9 AAA 
c.oOO 


9 771 
C,/f 1 


Inetitiitinnal ciinnnrt 




Q Q1R 


d nQ7 


d n7Q 


d 1 77 


Q Q7K 
0,9r 0 


A 109 
4.19c 


A nAQ 
4.1140 


A lAfi 


r^thpr niitclHp eiinnnrt 


1 OdP 


1 1PQ 


1 1QQ 


1 PSR 
1 |C00 


1 999 


1 Q7S 

1 ,0f 0 


1 1R9 
1 ,10c 


QAA 
900 


1 nnQ 




2,206 


2.481 


2,769 


3.337 


3,056 


2.588 


2,494 


2.211 


1,973 


MAthpmatiRAl cHpncpc 




Q ^nn 


in i7d 


in Q1R 

1 U.0 1 0 


in Ri Q 

lU.Ol 0 


111 Rn 

1 1.1 OU 


1 1 797 

1 1 , f Cf 


19 QAA 
lc.004 


1 9 701 


PpHpral 


fldP 


7flP 
r Ob 


flnp 


7d7 


7SS 
r 00 


QQn 

90 u 


QOn 
99c 


1 nAA 
1 .U04 


1 iRn 
1 iloU 


Inetiti itfnnsi eiinnnrt 




R dS7 


ft flP7 


7 ion 


7 QAQ 


7 7RA 
f , f 00 


A i7n 
0.1 f U 


A SnR 

o.ouo 


fi 7AO 

OifOa 


Othpr nijtclHp eiinrv^rt 


R1Q 


RPR 




sn7 

OUr 


R9R 
OcO 


SdQ 
0*fO 


SA7 
00 r 


SQR 
000 


sod 
O94 




1.667 


1.915 


2.009 


1.942 


1,843 


1,929 


1,976 


2.2S3 


2,254 


^nmniitor cHpncp 


K onn 




7 onfl 


Q P7R 
9,cr 0 


in i no 

1U,1 UO 


1 9 Q7d 


10.009 


IO.OO9 


4 Q Al 1 
10.01 1 


PPHpfAl 


fl7Q 




Q7Q 


1 nds 

1 .U«rO 


1 91 s 

1 ,cl 0 


1 SRA 
1 ,000 


1 AlA 
1 .010 


9 n99 
c.Ucc 


9 ICO 


Inctitutinnfll cunnnrt 


1 Qf^l 


P '^Id 


P S7Q 


'I n7'5 


Q dAR 


d nAd 


d Q1 S 
*f,01 0 


A 7sn 

4,f OU 


A AOft 

*f|090 


Oihpr nutsidp i^unnort 






fi7n 


RRQ 
009 


7ns 

r UO 


1 9R1 

1 .cO 1 


1 dOd 


111s 

1,110 


1 1S1 

1 ,101 




2.458 


2,609 


3,686 


4,469 


4.702 


5.461 


5.832 


5.752 


5.609 


Anrirjjitiiral c/^iAnroc 


Q RQ1 




Q snn 


Q dpn 


Q 09*1 


A 791 


A AS9 
O,00c 


A R1 1 
OiOl 1 


A R77 


PpHprfll 


1 77fl 


1 7in 


1 RSd 


1 Sin 

1 ,01 u 


1 QdR 
1 ,O*#0 


1 sn9 

1 lOUe 


1 Rnn 
1 ,ouu 


1 ARn 

1 ,OOU 


1 Rft9 
1 ,000 


Inctltiitlnnpl ciinnnrt 




'9 ddA 


Q ddd 


Q S7R 
0|0r w 


Q API 


Q QRQ 
0,009 


Q S9Q 
0,0c9 


Q A7Q 
0|4/9 


AOQ 


Othpr niitciHp eiinnnrt 


P OP*? 


P 1 Ifi 


p nnfl 


p non 


1 QdP 


1 AS9 
l.OOe 


1 7d9 
1 , f '♦c 


1 SA9 
1 |0Oc 


1 7n9 
1 ,/Uc 


Self-support 


2.431 


2.3B6 


2.394 


2,244 


2,214 


1.998 


1.981 


1.890 


1i889 


Sinlnnlf^al cf^ipnrpc 


fl17 


'^s dSd 


QS PPR 


QS PQd 


9S AAA 
cOiOOO 


QS RQR 
OO.O9O 


QR RnQ 
00|0U9 


07 09Q 
0 r ,ccO 


QO 90 e 
0O,c00 


Ppfjprpl 


in 7PS 


in sns 


in nss 


in 171 

1 U, 1 f 1 


in QQQ 
1 UfOOO 


in RQn 
1 u,oou 


1 1 nRQ 

1 1 ,U09 


1 1 A97 
1 1 ,Ocr 


1 9 AAA 
lc.444 


Inetltiitinnal eiinnnrt 


IS 


IS R7d 


IS 7QR 

1 0 , r 90 


IS RRQ 
1 0,009 


1R dnQ 


iR QR7 
10,00 r 


17 nnR 
1 f .uuo 


1 7 n77 


1 7 QAn 
1 f ,OqU 


Othpr niitciHp eiinr^nrt 


P 791 


P 7dR 


Q nsQ 


Q 17P 
0. 1 f c 


Q nAA 

OiUOO 


Q 9dd 


Q nsn 


Q 17Q 

0,1 rO 


Q AQ9 
0,49c 




6.815 


6.529 


6.322 


6.022 


5,864 


5,455 


5,484 


5.146 


4.919 


Pcufthnlnnw 


pi Rsn 


PI Sdd 


PI inQ 


pp isn 

6<S, 1 OU 


PI Rni 

cl .OUl 


91 '^dl 
&1 .0*? 1 


91 QQ7 

cl ,99/ 


99 SR7 
cc.OOf 


OQ Qcn 


ppripral 


IRQ 


P AQS 


O PRQ 


1 Qon 

1 .90U 


1 QdP 


1 QSA 

1 |900 


1 AQd 

1 ,oy*» 


1 QQ9 
1 .9OC 


9 nAA 
C|U40 


Inctitutlnnfll eunnnrt 


7 flRQ 


fi Rid 


ft SS7 

O.OOr 


A 7Ad 
O. r OH 


Q PI Q 

9, el 9 


Q SI A 

9|01 0 


Q Ql7 

9,9l f 


Q AAQ 
9,000 


in 9RQ 
lU.cOO 


Othpr niitcirip eiinnnrt 


1 AQfl 


1 sns 


1 Q77 

1 ,0 r r 


1 '^IR 
1 ,v>l 0 


1 QPS 
1 ,OcO 


1 Q9R 
1 ,OcO 


1 QQd 
1 .00*» 


1 91A 
1 ,cl4 


1 nn7 

1 .UUf 


Self-support 




8,530 


8.866 


10,070 


9,115 


8.539 


8,652 


9.566 


10.045 


^^nHal cnlpnrpQ 


SI Sifl 


SI dnp 


dQ P1 1 


dA nsn 


dR QA1 

40|901 


dR SRA 
*vO,000 


^7 919 
n r ,cl c 


A A AR1 
40,401 


AO 9nA 
•f9,cU0 


PpHpral 


s P1 1 


d RP1 


Q QRP 


Q SRd 


Q dSR 


0,00/ 


Q 19Q 


9 ono 

C,9U9 


9 QA1 

C,94l 


InstitiitinnAl eiinnnrt 


1A QQ*) 


1Q snn 


10 SAP 


1Q SRS 

1 9|000 


1Q AQQ 
1 9,000 


1 Q AQ7 
1 9,00/ 


on ft9n 
cU,OcU 


91 QA7 
cl .00/ 


99 Rsn 

cc,OOU 


Othpr niitciHp eiinnnrt 


d nss 


d pn7 


d idn 


d lAn 

•v.l OU 


Q R7n 
0.0 r U 


Q SAS 
0,000 


Q Rid 
0.014 


Q SIS 
0.010 


Q AQ9 


Self-suDDort . 


23 259 


23 074 


21 6P7 


PO 7d1 


PO OPP 


1Q 77Q 

1 9. r r 9 


1Q AdQ 


pn Rsn 


pn IAS 
CU. I09 




41,939 


44.817 


48.687 


52,690 


53,974 


54,817 


59,031 


60,352 


61.65G 




11,107 


10,923 


11.005 


1 1 ,903 


11,502 


11,183 


12,308 


13,020 


13,822 




12,634 


14,100 


15,169 


16.114 


17,107 


18,146 


20,022 


21,036 


21,310 




6,152 


6,882 


7,637 


7,941 


8,526 


9,499 


10,050 


9,529 


9,846 




12,046 


12,912 


14.876 


16,732 


16,839 


15,989 


16,851 


16,767 


16,678 



SOURCE: NSF, Division of Science Resources Studies. 
See figure 2-10. 
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Appendix table 2'17. Full-time S/E graduate students In doctorate-granting Institutions, by field and 

type of major support: 1980*86 



Field and type of major support 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 




208,232 


212,083 


216.012 


223,135 


224,701 


227.486 


236 748 


240 966 


245 463 




30,867 


29,962 


29,275 


29,275 


29.483 


30,137 


3C,792 


30 189 


31 191 

W i , 1 W 1 




49,333 


50.469 


50,335 


52.590 


55.097 


58,171 


63,141 


66 887 

WW .WW 1 


70 825 

r W.Wfa W 




49,878 


51,851 


53,997 


55,762 


56.884 


57,703 


58.576 


58 938 

WW, www 


59,410 




16,824 


18,034 


< 8,471 


18,361 


18,058 


18.104 


19,403 


18.935 

t w . www 


18,835 




61,330 


61.767 


63,934 


67.147 


65,179 


63.371 


64,836 


66.017 


651202 




166,293 


167.266 


167,325 


170.445 


170.727 


172.669 


177,717 


160,614 


93,807 


Fellowships and traineeshlps 


26,264 


24,930 


23.859 


23.780 


23,967 


24.652 


25.C99 


24 692 

W Wli 


25 813 

CW.U 1 w 




35,40C 


36.075 


35.740 


37.051 


38.91 1 


40.343 


42.781 


44.882 


47.497 




42.633 


43.696 


45.045 


45.898 


46,557 


47.157 


47.661 


46.028 


^8.505 


Other types of support 


12.707 


13,710 


13.623 


13,301 


12,952 


13,135 


13.991 


13.762 


13,468 




49,284 


48.855 


49.058 


50.415 


48.340 


47,382 


48.185 


49,250 


48.624 




22,254 


22,600 


23.330 


24.502 


25,147 


25.938 


27.069 


27 652 

6 I 1 WWb 


cr .Owe 




2.183 


2,237 


2,285 


2.288 


2.413 


2.301 


2.376 


2 326 


2 356 

b.WWW 




8.258 


8,524 


8.683 


9,060 


9,517 


10.174 


10.896 


1 1 .455 


1 1 ,862 


Teaching asslstantshlps 


9.894 


9.976 


10,361 


10,904 


10,977 


11,119 


1 1 ,324 


11 413 


11 238 




556 


502 


636 


652 


716 


711 


758 


663 


726 

f bW 




1,364 


1.361 


1,365 


1,598 


1,524 


1,633 


1,715 


1.795 


1,650 


Environmental sciences 


10.265 


10.491 


10,873 


1 1 ,497 


1 1 ,266 


10.871 


10,862 


10 097 

1 W.W w » 


g 893 

w.Uww 


Fellowships and tratneeships 


1,107 


1,095 


1.140 


1.130 


1.107 


1.131 


974 


896 

u ww 


Ow w 


Research asslstantshlps 


3.664 


3.402 


3,265 


3,481 


3,506 


3,668 


3.786 


3 619 

W.W 1 w 


3 820 




2.563 


2,541 


2.737 


2.752 


2.743 


2.533 


2.539 


2 397 

b| w w r 


2 436 

b|*TW W 




725 


972 


962 


797 


854 


951 


1.069 


974 


765 




2.206 


2.481 


2.769 


3.337 


3.056 


2.588 


2,494 


2,211 


1,973 




9.368 


9.660 


10.174 


10,316 


10,613 


11.160 


11,727 




12 791 


Fellowships and traineeshlps . . . < 


891 


799 


788 


800 


901 


992 


1,032 


1 030 

1 ,www 


1 117 




773 


732 


822 


776 


846 


969 


1,012 


1,072 


1 166 

1 , 1 WW 




5.373 


6,536 


5.817 


6.140 


6.325 


6,545 


6.897 


7.207 


7,341 




664 


698 


738 


658 


698 


725 


608 


817 


913 




1.667 


1,915 


2,009 


1.942 


1,843 


1.929 


1,978 


2,233 


2.254 




5,900 


6.465 


7.908 


9.276 


10.108 


12.374 


13.389 


13.639 

1 w.www 


13,811 


Fellowships and traineeshlps 


367 


473 


4^^3 


524 


612 


807 


893 


837 


870 

U r w 




1,023 


1,068 


1.1 i1 


1,367 


1,582 


2.017 


2,284 


2,782 


2 984 


Teaching asslstantshlps 


1.409 


1.742 


1.955 


2.311 


2.646 


3.084 


3.109 


3,258 


3,320 


Other types of support 


643 


573 


653 


613 


566 


1.005 


1 ,271 


1.010 


1 028 

1 .WbW 


Self-support 


2.458 


2.609 


3,686 


4,461 


4,702 


5,461 


5.832 


5.752 


5,609 


Agricultural sciences 


9,591 


9,630 


9.500 


9,420 


9.323 


8,721 


8,852 


8,611 


8 677 

W.W r f 


Fellowships and traineeshlps 


772 


793 


779 


759 


666 


657 


636 


543 


507 

WW f 




4,484 


4.647 


4,558 


4,509 


4.608 


4.306 


4,590 


4.492 


4,438 




888 


805 


883 


879 


837 


824 


752 


730 


832 




1.016 


1,029 


886 


1,029 


998 


936 


893 


956 


1 011 

1 ,W 1 1 




2.431 


2.356 


2.394 


2.244 


2.214 


1,998 


1.981 


1.890 


1,889 




35,817 


35,454 


35,226 


35,234 


35,688 


35.696 


36.609 


37,223 


38 235 

WU.bWW 




8.160 


7.967 


7,845 


7,946 


7,995 


3,194 


8,437 


8 695 

u. Www 


8 928 




9,545 


9,801 


9.774 


10,023 


10.797 


11,123 


11,977 


12,829 


13,935 


Teaching asslstantshlps 


9,120 


9.037 


0,155 


8,972 


8,918 


8.913 


8,605 


8,320 


8 255 




2.177 


2.120 


2,130 


2,271 


2.114 


2.011 


2,106 


2,233 


2,198 




6.815 


6,R29 


6.322 


6,022 


5,864 


5,455 


5.484 


5,146 


4,919 




21,580 


21,544 


21,103 


22.150 


21.601 


21.341 


21,997 


22,567 


23,360 


Fellowships and traineeshlps 


3,447 


3,167 


2.915 


2.546 


2.635 


2,769 


2.603 


2,553 


2,570 




2,342 


2.664 


2.510 


2.669 


2,759 


2,864 


2,884 


2,979 


3,480 




4.424 


4,604 


4.550 


4.63o 


4,660 


4,797 


4,986 


5,009 


5,145 




2.283 


2,579 


2,242 


2.232 


2.432 


2.372 


2.672 


2,458 


2,120 




9.084 


8,530 


8,886 


10.070 


9,115 


8.539 


8,852 


9,568 


10,045 
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1 982 



Field and type of major support 1980 i v. 

Social sciences 51,51b 51,402 49,211 

Fellowships and traineeships 9,337 8,399 7,644 

Research assistantships 5,316 5,237 4,977 

Te&ching assistantships 8,962 9,455 9,587 

Other types of support 4,644 5,237 5,376 

Self-support 23,259 23,074 21,627 

Total engineering 41,939 44,817 48,687 

Fellowships and tralneeshlps 4,603 5,032 5,416 

Research assistantships 13,928 14,394 14,595 

Teaching assistantships 7,245 8,155 8,952 

Other types of support 4,1 17 4,324 4,848 

Self-support 12,046 12,912 14,876 

SOURCE: NSF, Division of Science Resources Studies. 



1983 



1984 



198S 



1986 



48,050 
7,787 
5,166 
9,307 
5,049 

20,741 

52,690 
5,495 

15,539 
9,864 
5,060 

16,732 



46,981 
7,638 
5,296 
9,451 
4,574 

20022 

53,974 
5,516 

16,186 

10,327 
5,106 

16,839 



46,568 
7,801 
5,222 
9,342 
4,424 

19,779 

54,817 
5,465 

17,828 

10,546 
4,969 

15,989 



47,212 
8,148 
5,352 
9,449 
4,414 

19,849 

59,031 
5,693 

20.360 

10,915 
5,412 

16,651 



1987 



48,461 
7,812 
5,854 
9,694 
4,651 

20,650 

60,352 
5,497 

22,005 

10,910 
5,173 

16,767 



1988 



49,208 
8,566 
5,812 
9,938 
4,707 

20,185 

61,656 
5,378 

23,328 

10,905 
5,367 

16,678 
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Appendix table 2-18: Federal support of graduate S/E students, by selected Federal agency and type of support: 1980-68 



Type and source of major support 1980 1981 1982 1983 1984 1985 1986 1987 1988 



Total, all types 







50,897 


47.206 


47,333 


47,476 


48,716 


51 ,060 


53,093 


54,852 


DOD 




5,647 


5,861 


6,884 


7,049 


7,230 


7,852 


8,685 


9,309 


Total HHS 




18,018 


16.040 


15,007 


15,140 


15,898 


16,417 


17,176 


17,867 


NIH 




11,283 


10,860 


10,823 


10,996 


11,130 


11,892 


12,971 


13,784 


aherHHS 




6,735 


5,180 


4,184 


4.144 


4,768 


4,525 


4,205 


4,083 


NSF 




9,084 


9.207 


9,474 


9,806 


10,151 


10,810 


11,193 


11,556 


All other Federal 


19,080 


18,148 


16.098 


15,968 


15.481 


15,437 


15,981 


16.039 


16,120 



Fellowships 



Total Federal 


4,634 


4,112 


4,183 


4,101 


4,060 


4,360 


4,511 


4.378 


4.538 


DOD 


255 


182 


201 


257 


2d8 


262 


295 


353 


359 


Total HHS 


1,247 


1,024 


904 


613 


809 


877 


822 


869 


889 


NIH 


777 


720 


656 


575 


612 


636 


654 


706 


728 


Other HHS 


470 


304 


248 


23S 


197 


241 


168 


163 


161 


NSF 




1,247 


1,302 


1,304 


1,343 


1,396 


1,512 


1,483 


1,585 




1,817 


1,659 


1,776 


1.727 


1.670 


1.825 


1.882 


1,673 


1,705 



Tralneeships 





13.808 


12.632 


10,301 


9.193 


9.011 


9.002 


8.767 


8,921 


8,681 


DOD 




80 


33 


79 


75 


53 


84 


139 


140 


Total HHS 


11.427 


10.411 


8,913 


7,744 


7,585 


7,703 


7,439 


7,299 


7,216 


NIH 


5,040 


4,809 


4,715 


4,530 


4,359 


4,143 


3,983 


4,261 


4,195 


Other HHS 


6.387 


5,602 


4,198 


3,214 


3,226 


3,560 


3.456 


3.038 


3,021 


NSF 


193 


134 


72 


47 


42 


56 


27 


82 


68 


All other Federal 


2.118 


2,007 


1,283 


1.323 


1.309 


1,190 


1,217 


1,401 


1.257 



Research assistantshlps 







28,940 


28,025 


28,869 


29,154 


30,157 


32,533 


34,738 


36,334 


DOD 




3,280 


3,460 


3,920 


4,052 


4,168 


4,629 


5,565 


5,934 


Total HHS 


5,968 


6,011 


5,721 


5,921 


6,269 


6,814 


7,655 


8,405 


9,230 


NIH 


5,371 


5,454 


5,206 


5,374 


5,687 


6,056 


6,932 


7,575 


8,446 


aherHHS 


597 


557 


515 


547 


582 


756 


723 


830 


784 


NSF 




7,578 


7,723 


8,030 


8,251 


8,531 


9,070 


9,444 


9,752 


All other Federal 


12,570 


12,071 


11,121 


10,998 


10,582 


10,644 


11,179 


11,324 


11,418 



Teaching assistantshlps 





603 


549 


382 


469 


383 


539 


499 


439 


444 


DOD 


0 


0 


0 


0 


0 


0 


0 


0 


Total HHS 


132 


118 


102 


111 


71 


96 


111 


155 


138 


NIH 


82 


75 


49 


74 


44 


57 


82 


127 


113 


aherHHS 


50 


43 


53 


37 


27 


39 


29 


28 


25 


NSF 


30 


58 


24 


25 


24 


43 


73 


26 


55 




441 


373 


256 


333 


288 


400 


315 


258 


251 



Other types of support 



Total Federal 


4,828 


4,664 


4,315 


4,701 


4,868 


4,658 


4,750 


4,617 


4,855 


DOD 


1,990 


2,105 


2,167 


2,628 


2,684 


2,747 


2,844 


2,628 


2,876 


Total HHS 


603 


454 


400 


418 


406 


408 


390 


448 


394 


NIH 


290 


225 


234 


270 


294 


236 


241 


302 


302 


aherHHS 


313 


229 


166 


148 


112 


172 


149 


143 


92 


NSF 


101 


67 


86 


68 


146 


125 


128 


158 


96 




2,134 


2.038 


1,662 


1.587 


1,632 


1,378 


1,388 


1,383 


1,489 



DOD = Department of Defense; HHS = Department of Health and Human Services; NIH « National Institutes of Health; NSF « National Sclenco Foundation. 
SOURCE: NSF, Division of Science Resources Studies. 



See figure 2-ll. 
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Appendix table 2-19. Academic^ doctoral aclentlsts and engineers, by age 

and field: selected yt^isrs 



Age (years) 

Under 

Field Years Number 30 30-39 40-49 50-59 60-f 













Percent • 






Total scientists and engineers . 


. 1977 


157,088 


3.4 


41.1 


29.6 


19.0 


6.9 




lyoi 


4 70 00>l 
1 f\9jCM 




oi^.o 


32.2 


20.7 


9.1 




1983 


187,554 


1.8 


31.4 


34.8 


21.6 


10.3 




1985 


202,019 


1.6 


30.3 


35.7 


21.0 


11.3 




1987 


209,384 


1.2 


27.7 


37.0 


22.4 


1 1.8 




. 1977 


141,373 


3.5 


41.6 


28.9 


18.6 


7.1 






4 £24 OA'7 
10l tdHf 




36.4 


O 4 ^ 

31.6 


20.1 


9.3 




1983 


167,305 


1.8 


32.0 


34.4 


21 3 

mm 1 »SJ 


10 4 




1985 


180,505 


1.5 


30.7 


36.0 


20.4 


11 3 




1987 


185»746 


1.2 


28.0 


37.6 


21.7 


11.3 




. 1977 


25,556 


4.2 


41.4 


30.7 


16.8 


6.9 




1 901 




Q A 

J .4 


oU.O 


04.0 


fin c 
20. 0 


4 4 A 

1 1.0 




1983 


26,453 


2.5 


24.4 


38.8 


22.6 


11.8 




1985 


28,206 


2.2 


25.3 


37.2 


22.7 


12.6 




1987 


28,729 


1.8 


23.0 


35.8 


26.8 


12.4 




► 1977 


11,781 


4.5 


48.6 


27.9 


13.2 


5.7 




lyo 1 


1 c,cf 4 


O 4 
J.I 


00. U 


00.0 


4 0 0 

1o.o 


7.0 




1983 


12.770 


2.2 


28.2 


42.3 


19.1 


fi 2 

WaSa 




1985 


13,027 


2.8 


25.4 


40.1 


22.2 


9.5 




1987 


13,031 


2.7 


26.7 


&S.5 


22.9 


9.2 




, 1977 


?,118 


4.6 


52.2 


27.9 


13.4 


1.9 




1 901 




O.U 


AC A 

45.4 


Q 4 0 

31.0 


4 e e 

15.5 


4.5 




1983 


3,905 


2.1 


45.8 


32.0 


13.1 






1985 


5,124 


1.9 


38.8 


40.3 


12.9 


6 0 




1987 


5,439 


1.6 


29.6 


47.4 


15.6 


58 


Environmental scientists . . . . 


1977 


6,120 


1.5 


43.1 


31.4 


18.3 


5.6 




l9Dl 


C C4 O 
0,01 0 


O 4 
0.1 


oo o 
00.0 


37.7 


4 7 O 

17.8 


6.1 




1983 


6,519 


1.6 


35.3 


31.6 


21.2 


10.1 




1985 


7,097 


V3 


30.6 


34.6 


23.1 


10 2 




1987 


7.375 


1.8 


27.8 


37.3 


23.3 


9 7 




1977 


45,643 


3.5 


41.7 


27.8 


19.6 


7.3 




1^01 


04,4j7 


2,9 


39.5 


29.5 


19.7 


8.4 




1983 


57,315 


1.9 


34.9 


32.8 


20.7 


96 




1985 


61,768 


1.4 


34.0 


34.5 


19.9 


10.2 




1987 


64,738 


0.9 


32.4 


35.7 


20.4 


10 5 




1977 


16,572 


5.1 


41.9 


26.0 


19.3 


5.7 




1901 


1 9,03^ 


2.9 


41 .6 


27.9 


20.1 


7.4 




1983 


19,377 


1.5 


37.8 


30.5 


21.6 


8.4 




1985 


21,493 


1.5 


36.6 


31.6 


19.7 


10 5 




1987 


22,012 


1.0 


29.9 


35.8 


21 6 

Km I aW 


11 5 

1 1 aV 




1977 


33,583 


2.2 


38.1 


29.5 


21.2 


8.9 




1981 


39,149 


1.3 


33.8 


31.2 


22.2 


11.5 




1963 


40,966 


1.1 


29.5 


34.1 


22.5 


12.7 




1985 


43,770 


0.9 


27.2 


38.1 


20.1 


13.7 




1987 


44,422 


0.7 


24.2 


40.9 


20.5 


13.4 




1977 


15,715 


1.8 


36.2 


36.0 


21.1 


4.9 




1981 


1 7.977 


1.2 


27.4 


37.8 


25.9 


7.8 




1983 


20,249 


2.1 


26.1 


38.2 


24.0 


9.7 




1985 


21,514 


2.2 


27.6 


33.1 


25.2 


11.9 




1987 


23,638 


1.6 


25.3 


32.3 


28.0 


12.8 



^Includes Individuals employed in 4-year colleges and universities only. 
Note: Percentages will not add to 100 because "no report" is omitted. 
SOURCE: NSF. Division of Science Resources Studies, unpublished tabulations. 
See table 2-3 in text. 
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Appendix table 2-20. Academic doctoral scientists and engineers, by printary woiit activity and field: selected ye?rs 



Research and development 



rield 




Total 


Total 


Basic Applied 
research research Development 


Management 
of R&D 


Teaching Consulting 


Other 


Total scientists and engineers . . 


. 1981 


179,224 


52,450 


37,746 


13,6£:'^ 


1,015 


4,363 


99,247 


772 


22,392 




1983 


187,554 


54,536 


39,443 


13,584 


1,509 


3,021 


100,452 


684 


28,861 




1985 


202,019 


60,550 


43,579 


15,653 


1,318 


3,937 


103,652 


1,204 


'52,676 




1987 


209,384 


73.227 


48,403 


34,013 


811 


3,892 


(01,835 


479 


29,951 




. 1981 


161,247 


48,334 


36,167 


11,344 


823 


3,440 


88,787 


562 


20,124 




1983 


167,305 


49,318 


37,210 


11,138 


970 


2,34() 


89,?33 


618 


25,787 




1985 


180,505 


55,377 


41,194 


13,269 


914 


2,869 


91,761 


1,064 


29,434 




1387 


185,746 


65,439 


45,893 


19,087 


459 


2,583 


90,370 


452 


26,902 




. 1981 


26,786 


9,704 


7,795 


1,650 


259 


828 


14,118 


53 


2,083 




1983 


26,453 


9,334 


7,510 


1,551 


273 


890 


13,044 


30 


3,182 




1985 


28,206 


10,695 


8,703 


1,745 


247 


875 


13,545 


14 


3,077 




1987 


28,729 


11,931 


9,160 


2,566 


205 


782 


13,535 


45 


2,438 




. 1981 


12,274 


2,015 


1,631 


319 


21 


44 


9,152 


3 


1,077 




1983 


12,770 


2,051 


1,659 


348 


44 


57 


9,214 


79 


1,369 




1985 


13,027 


2,396 


2,089 


304 


3 


73 


8,904 


119 


1,535 




1987 


13,031 


2,983 


2,660 


321 


2 


33 


8,735 


8 


1,272 




. 1981 


2,954 


823 


38? 


181 


253 


78 


1,469 


63 


521 




1983 


3,905 


1,010 


48£. 


311 


311 


61 


2,117 


33 


684 




1985 


5,124 


1,392 


744 


337 


311 


89 


2,629 


68 


946 




1987 


5,439 


1,501 


865 


561 


75 


105 


2,681 


27 


1,125 




. 1981 


6,613 


2,378 


1,660 


642 


76 


376 


3,436 


0 


423 




1983 


6,519 


2,319 


1,755 


564 


0 


253 


3,250 


13 


684 




1985 


7,097 


2,701 


1,940 


721 


40 


350 


3,231 


23 


792 




1987 


7,375 


3,259 


2,166 


1,075 


18 


224 


3,256 


6 


630 




. 1981 


54,437 


25,788 


20,156 


5,509 


123 


1,214 


20,400 


151 


6,884 




1983 


57,315 


26.526 


21,078 


5,223 


225 


756 


20,605 


311 


8,917 




1985 


61,788 


29,105 


22,749 


6,104 


252 


1,008 


20,676 


342 


10,657 




1987 


64,738 


34,059 


24.377 


»,567 


115 


986 


19,883 


220 


9,590 




. 1981 


1 9,034 


3,237 


2,095 


1.116 


26 


282 


1 1 ,620 


119 


3,776 




1983 


1 9,377 


3,104 


2.040 


1,040 


24 


113 


1 1 ,478 


121 


4,561 




1985 


21,493 


3,556 


2.074 


1.447 


35 


125 


1 1 ,953 


325 


5,534 




1987 


22,012 


4,213 


2.547 


1,633 


33 


150 


12,606 


81 


4,962 




, 1981 


39.149 


4,433 


2.441 


1,927 


65 


618 


28,592 


146 


5,360 




1983 


40,966 


4,974 


2,680 


2,201 


93 


219 


29.325 


58 


6,390 




1985 


43,770 


5,532 


2,895 


2,611 


26 


349 


30.823 


173 


6,893 




1987 


44,422 


7,493 


4,118 


3,364 


11 


303 


29,674 


65 


6,887 




, 1981 


1 7,977 


4,116 


1,579 


2,345 


193 


923 


10,460 


210 


2,268 




1983 


20,249 


5,218 


2,233 


2,446 


539 


672 


11,219 


66 


3,074 




1985 


21,514 


5,173 


2,385 


2,384 


404 


1,068 


11,891 


140 


3,242 




1987 


23,638 


7.788 


2,510 


4.926 


352 


1.309 


1 1 ,465 


27 


3.049 



SOURCE: NSF. Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 2-21. Academic doctoral scientists and engineers wlio teach, by field and ranit: selected years 



Field 








Associats 


Assistant 












rrOiGSSOr 


professor 


professor 


Instructor 


Other 


No report 






130.597 


57,296 


38,257 


28,714 


1,237 


4,133 


326 




1 900 


100,990 


OA OCO 

02,000 


A A A 

40,789 


26,529 


745 


4,171 


1.398 




1900 


4 AO OCA 


CA 4 AO 

o4,10o 


41,265 


89,110 


1.453 


6,550 








4 CC 

100,739 


72,543 


44,262 


)0,483 


1,129 


7,665 


6f. 






117.417 


50,089 


34,577 


PR.774 


1,237 


3,831 


326 




19oo 


4 n4 AOO 

121,088 


54,311 


36,557 


i;4,267 


743 


3,918 


1.292 






4 07 coo 

127,000 


00,228 


37,181 


25,965 


1,451 


6,005 


753 




i9o7 


4 OO 4 OO 

139.139 


62,843 


40,041 


27,432 


1,095 


7,145 


583 


Physical scientists 




18.423 


9,938 


4,745 


2.701 


134 


666 


61 




19oo 


17,000 


10,546 


4,074 


2,281 


102 


521 


132 




19o5 


18,749 


4 A 

10r677 


4,100 


2,669 


229 


947 


127 




i9o7 


20,252 


1 1 ,824 


4,385 


2,752 


81 


1,136 


74 




1981 


10.804 


4,924 


3,377 


2,125 


160 


177 


25 




19oJ 


4 4 oon 

1 1,289 


5,295 


3,523 


2,148 


115 


132 


76 




1 900 


4 4 CC7 

1 1 iOo7 


C 7AO 

0,702 


3,136 


2,292 


142 


230 


65 




i9o/ 


4 <1 ACO 

12,052 


0 A0^ 

6,067 


3,094 


2,394 


157 


333 


7 




1981 


1,950 


579 


717 


549 


30 


54 


0 




19oo 


O CCA 

2,oo9 


Oil A 

842 


898 


688 


5 


117 


9 




1900 


o c 4 n 

o,o19 


4 AAA 

1,009 


1,276 


1,039 


46 


247 


2 




190/ 


o,9oo 


4 At! e 

1,055 


1,523 


1,1 68 


17 


213 


7 




.. 1981 


4,416 


1,972 


1,319 


1,034 


6 


79 


0 




19oj 


A CAr 

4»o06 


A A^A 

2,073 


1,291 


957 


4 


129 


51 




I9O0 


A CCA 

4,00U 


A AC 4 


1,227 


915 


26 


117 


14 




1 QQ7 

lyof 


C 4£0 

o,1oo 


A AA^ 

2,327 


1,371 


1,147 


20 


286 


17 






33,893 


13.278 


10,248 


8,140 


535 


1,528 


89 






35,415 


14,911 


1 0,693 


7,497 


258 


1,669 


387 






35,956 


4 A 

14,683 


1 1 ,038 


7,437 


423 


2,197 


178 




1 go/ 


42,391 


4 O AAfi 

18,296 


1 2,085 


8,711 


511 


2,488 


300 






14,902 


5.779 


4,346 


3,876 


101 


584 


100 




1983 


14,956 


6,157 


4,822 


3,195 


110 


429 


243 




1985 


16,029 


6,649 


4,826 


3,328 


252 


822 


152 




1987 


17.166 


7,518 


5,157 


3.372 


126 


911 


82 


Social scientists 




33.029 


13,619 


9,825 


8,349 


271 


723 


51 




1983 


34.708 


14,487 


11,256 


7,501 


149 


921 


394 




1985 


37.113 


15,257 


11,578 


8,285 


333 


1.445 


215 




1987 


38.127 


15,756 


12,426 


7.888 


183 


1,778 


96 




. . 1981 


13.180 


7,206 


3,680 


1.940 


0 


302 


0 




1983 


14.902 


8,047 


4,232 


2,262 


2 


253 


106 




1985 


15,777 


7,875 


4,084 


3.145 


2 


545 


126 




1987 


17,600 


9,700 


4,241 


3.051 


34 


520 


54 



SOURCE: NSF. Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 3-1. Total and sclentlst/englneet employment by Industry: 1980, 1988, and protected to 2000 



Number of jobs Annual raie uf change 









Projected 2000 








Industry 


1980 


1988 


Low 


Mid 


High 


1980-88 1988-2000' 
























Thousands 






Percent 




Total private 
















All occuDations 


65,812 


77,102 


78,624 


83,655 


88,808 


2.0 


0.7 




1,366 


1,858 


2,305 


2,483 


2,650 




9 A 




992 


1,275 


1,535 


1,659 


1,774 


Q 0 
O.c 






27 


65 


88 


95 


100 


lift 
1 1 .0 


0.2 


Chemical 


45 


45 


48 


52 


55 


.n n 


1 « 1 


Civil 


79 


101 


106 


114 


122 




1 .u 




273 


413 


532 


575 


616 


5.3 


2.8 




133 


125 


152 


165 


177 


•0.8 


2.3 




198 


208 


251 


271 


290 


0.6 


2.2 








oou 


000 




3.7 


1.7 


Scientists 


374 


583 


770 


824 


875 


5.7 


2.9 


Life 


19 


34 


35 


37 


39 


7.5 


0.9 






Ol 


102 


109 


\\f 


7.5 


2.5 


Physical ....................... 


108 


121 


117 


125 


130 


1.4 


0.2 


Social 


26 


27 


32 


35 


36 


0.3 


2.3 


Comouter SD€cialists ............. 


1 75 


321 


484 


518 


552 


7.9 


4.1 


Good8*produclng 
















All occuDations .... 


25,658 


25,250 


23,412 


25,159 


26,865 


-0.2 


-0.0 




852 


1.054 


1i220 


1,325 


1,419 


0 7 
C.r 


1 O 




686 


829 


980 


1,066 


1.142 


O A 


9 1 




23 


56 


76 


83 


87 


110 


0 9 

0.2 




33 


36 


37 


40 


43 


u.o 


1 .u 


Civil 


25 


17 


16 


18 


19 


A Q 


u.o 




168 


250 


306 


334 


359 


5.1 


2.4 




123 


109 


131 


143 


154 


-1.5 


2.3 


Mechanical 


137 


143 


172 


187 


201 


0.5 


2.3 






D 

CIO 




OfiO 




2.7 


1.5 




167 


225 


240 


259 


276 


3.6 


1.2 


Life 


11 


20 


20 


21 


22 


7.6 


0.5 






1 f 


18 


19 


22 


3.6 


1.0 


Physical 


86 


80 


71 


75 


78 


-0.9 


-0.6 


Social 


1 


1 


2 


3 


3 


8.6 


6.3 


Comouter soeclallsts 


56 


106 


130 


141 


151 


8.3 


2.4 


Durable goods 
















All occuoations 


12,187 


1 1 ,437 


10,686 


11.643 


12,547 


•0.8 


0.1 


All science/engineering 


580 


797 


961 


1,051 


1,131 


A 1 


9 9 
2.0 




C15 


683 


827 


905 


972 


Q A 
0.0 


O A 

2.4 




23 


56 


76 


83 


87 


1 1 Q 


9 9 

0.2 




6 


8 


g 


10 


10 


Q A 
0.0 


i fi 

I.O 


Civil 


5 


7 


7 


7 


8 


c.O 


n A 

U.o 




.. ,. 154 


239 


293 


320 


344 


5.6 


2.5 




107 


92 


112 


123 


133 


-1.8 


2.4 


Mechanical 


102 


114 


140 


153 


165 


1.4 


2.4 


Othe»'2 


118 


167 


192 


210 


226 


4.4 


1.9 






114 


134 


147 


4 CO 
ISO 


7.4 


2.1 


Life 


1 


4 


4 


4 


4 


?p.7 


0.4 


Mathematical 


10 


16 


17 


18 


20 


'6.8 


1.0 




17 


14 


14 


15 


16 


-2.7 


0.7 


Social 


1 


1 


1 


1 


1 


3.8 


0.9 


Computer specialists 


36 


80 


99 


109 


117 


10.3 


2.6 
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Appendix table 3«1 (Continued) 



Number of jobs 



Annual rate of change 



Industry 



Projocted 2000 
19B0 1988 Low Mid High 



1980-88 1988-2000^ 



' Thousands - 



— ~ Percent ■ 



Nondurable goods 

All occupations 

All science/engineering 

Engineers 

Aeronautical/astronautlcal 

Chemical 

Civil 

ElCwtrlcat/electronics 

Industrial 

Mechanical 

Others 

Scientists 

Life 

Mathematical 

Physical 

Social 

Computer specialists 

Mining 

All occupations 

All science/engineering 

Engineers 

Aeronautical/astronautlcal . 

Chemical , 

Civil 

Electrical/electronics 

Industrial 

Mechanical 

Other2 

Scientists 

Life 

Mathematical 

Physical 

Social 

Computer specialists 

Coni^tructlon 

All occupations 

All science/engineering 

Engineers 

Aeronautical/astronautlcal . 

Chemical 

Civil 

Electrical/electronics 

Industrial 

Mechanical 

Other^ 

Scientists 

Life 

Mathematical 

Physical 

Social 

Computer specialists 



8,098 


7,987 


7 206 


7 




-0.2 


-0.4 


166 


184 


200 


213 


225 


1.3 


1.2 


90 


97 


109 


116 


122 


0.8 


1.5 


0 


0 


0 


0 


0 


3 


3 


27 


27 


28 


29 


31 


-0.2 


0.9 


1 


2 


2 


2 


2 


3.2 


0.2 


e 
0 


7 


8 


9 


9 


2.9 


2.4 


16 


IS 


17 

1 r 


10 

1 V 


on 


-O.D 


1.6 


24 


24 






Q1 

01 




1,7 


17 


23 




9Q 
C9 


ou 


4.0 


2.0 


75 


87 


ri 


Q7 




1 o 


0.0 


10 


16 


17 


17 

1 r 


1 A 


0.4 


O.O 


3 


1 




1 

1 


O 


■14. f 


4 4 

I.I 


47 


48 
■to 


HO 


AO 


01 


A O 

U.2 


0.1 


0 


0 


n 


1 


1 


3 


\ 


15 




97 


OQ 


01 


4.9 


2.3 


1 027 


7P1 


QIC, 




Del 


-4.3 


-1.6 


55 


48 


33 


33 


33 


-1.6 


-3.0 


29 


27 


19 


19 


20 


-1.1 


-2.5 


0 


0 


0 


0 


0 


3 


3 


1 


1 


0 


0 


0 


6.0 


3 


1 


1 


1 


1 


1 


2.8 


-2.7 


2 


1 


1 


1 


1 


-10.6 


-2.4 


0 


1 


0 


0 


0 


3 


*> 


1 


2 


1 


1 


1 


2.1 


-2.6 


24 


21 


16 


16 


16 


-1.2 


-2.5 


26 


22 


14 


14 


14 


•2.1 


-3.6 


0 


0 


0 


0 


0 


3 


3 


0 


0 


0 


0 


0 


3 


3 


21 


18 


11 


11 


11 


•2.0 


-4.2 


0 


0 


1 


1 


1 


3 


3 


4 


3 


2 


2 


2 


•3.0 


-2.6 



4,346 


5,125 


4,948 


5,294 


5,692 


2.1 


0.3 


53 


26 


26 


28 


30 


-8.9 


1.1 


52 


24 


25 


26 


28 


•9.3 


0.8 


0 


0 


0 


0 


0 


3 


3 


0 


1 


1 


1 


1 


3 


0.8 


18 


8 


7 


8 


9 


•9.9 


0.3 


7 


4 


4 


5 


5 


•6.9 


1.7 


0 


1 


1 


1 


1 


3 


1.2 


10 


4 


4 


4 


5 


-11.3 


1.3 


17 


7 


7 


8 


8 


-10.7 


0.7 


1 


1 


1 


2 


2 


2.4 


4.4 


0 


0 


0 


0 


0 


3 


3 


0 


0 


0 


0 


0 


3 


3 


0 


0 


0 


0 


0 


3 


3 


0 


0 


0 


1 


1 


3 


3 


1 


1 


1 


2 


2 


2.4 


2.0 
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Appendix table 3-1. (Continued) 



Numbdr of jobs Annual rate of change 



Projected 20Q0 



Industry 


1980 


1988 


Low 


Mid 


High 


1980-88 1988-2000' 








Thoub.itnds ■ 




















Percent 





Servtces-Droducina 


















40,154 


51,852 


55,212 


58,496 


61,944 


3.2 


1.0 


All science/engineering . . . ♦ 


514 


804 


1,085 


1,158 


1,230 


5.0 


O 4 

0.1 


Engineers 


306 


446 


555 


59.^ 


632 


4.8 


O A 

2.4 


Aeronautlcal/astronautlcal 


4 


g 


12 


12 


13 


4 A 4 

10.1 


A Q 

2.0 


Chemical 


12 


g 


11 


11 


12 


•2.9 


1.6 


Civil 


54 


84 


90 


96 


103 


5.7 


1.1 


Electrical/electronics 


105 


163 


226 


241 


257 


5.7 


3.3 




10 


16 


20 


22 


23 


6.3 


2.5 




61 


65 


78 


84 


89 


0.8 


2.2 




A1 


1 uu 


110 


1 cO 


1 OH 


6.3 


2.0 




207 


359 


530 


565 


599 


7.1 


3.9 


Life 


8 


14 


15 


16 


17 


7.3 


1.4 




32 


64 


84 


89 


95 


8.8 


2.8 




23 


41 


46 


50 


52 


7.9 


1.6 




25 


25 


30 


32 


34 


-0.0 


2.1 




119 


215 


354 


377 


401 


7.6 


4.8 


Com m u nlcatlon s/t ran 8D0 rtati on/ut lilt les 


















5,146 


5,548 


5,213 


5,548 


5,904 


0.9 


0.0 


All sclence/onglneering 


95 


112 


124 


132 


140 


2.1 


4 A 

1,4 


Engineers 


82 


79 


83 


88 


93 


-0.4 


0.9 


Aeronautlcal/astronauticat 




} 


1 


1 

1 


1 


-7.6 


4 C 

1.5 


Chemical .... 


1 


1 


1 


1 


1 


4 A 

1 .0 


4 O 

1.2 


Civil 


5 


7 


6 


7 


7 


A A 

4.4 


A A 

-0.9 


Electrical/electronics 


43 


39 


44 


46 


49 


-1.1 


1.4 




4 


5 


5 


5 


6 


0.9 


o!9 




7 


6 


6 


6 


6 




0.5 






21 


21 


22 


24 


0.4 


0.5 




13 


32 


41 


44 


46 


12.2 


2.6 


Life 


0 


1 


1 


1 


1 


3 


2.2 




1 


2 


2 


2 


2 


8.3 


-0.4 




0 


2 


2 


2 


2 


3 


-0.7 




0 


2 


2 


2 


2 


3 


1.9 




11 


26 


35 


37 


39 


10.7 


3.1 


Trade 


















20.310 


25.138 


25,911 


27,551 


29,201 


2.7 


0.8 


All science/engineering 


66 


77 


105 


114 


122 


4 A 

1.9 


3.3 


Engineers 


40 


41 


SS 

WW 


59 


63 


0.4 


A A 

3.0 


Atironautical/astronautical 


0 


0 


0 


0 


0 


A 
J 


3 


Chemical 


3 


1 


1 




1 


•10.8 


4 A 

1.9 


Civil 


0 


0 


0 


0 


0 






Electrical/electronics 


16 


16 


22 


23 


25 


-0.2 


3.3 




0 


0 


0 


0 


0 


3 


3 


Machanical 


18 




i o 


17 




-4.7 


2.8 


Other2 


3 


12 


16 


17 


18 


17.3 


2,8 




26 


36 


51 


55 


5g 


4.0 


3.6 


Life 


0 


2 


2 


2 


3 


3 


1.6 




0 


0 


0 


0 


0 


3 


3 




1 


3 


3 


3 


3 


16.8 


1.3 




0 


0 


0 


1 


1 


3 


3 




25 


32 


46 


49 


53 


2.9 


3.8 
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Appendix table 3-1 . (Continued) 

Numb er of Jobs Ann ual rate of change 

, . , Projected 2000 

1980 1988 Low Mid High 1980-88 1988-2000' 

. Thousands — — Percent — 

Financial ser ices 

All occupations 5,1 60 e.BVe 7,461 7.864 8,339 3.3 1.4 

All science/engineering 52 122 165 174 185 11 3 30 

l="9ineers 5 15 go 21 22 13 9 '>a 

Aeronautical/astronautical 0 0 0 0 0 "a ''s 

Ctiemicai 0 0 0 0 0 s 3 

0 0 0 0 0 3 3 

Electrical/electronics 0 q q q q j 3 

'ndustrial 0 0 0 0 0 3 s 

Mechanica' 0 0 0 0 0 3 3 

^Q"^®^^ 5 15 20 21 22 13.9 28 

S^'6""StS 46 107 145 154 ,33 

0 0 0 0 0 3 3 

Mathematical 16 35 43 45 4Q « « . . 

Physical 0 0 0 0 0 "3 3 

2 7 9 9 10 17.6 2.0 

Computer specialists 28 66 94 99 105 11.1 3.6 

Business and related services 

All occupations 9,538 14,490 1 6,628 17,533 18.500 5.4 1.6 

All science/engineering 301 494 691 738 784 6 4 34 

^"9'"e6^S 179 310 398 426 454 7!l 2 7 

Aeronautical/astronautical 3 a 11 12 12 139 29 

S^":-- 49 77 84 90 96 5.8 13 

Electrical/electronics 46 108 161 172 183 11 3 40 

["^"f'f ; 6 11 15 16 17 9.6 3.0 

^^^f""^^ 36 47 57 61 65 3.6 2.2 

-9"^^, 32 52 62 66 70 6.0 2.0 

Scent's^ 122 183 292 312 330 5.3 45 

[•;® 7 11 12 13 13 5.1 1.3 

Mathematical I5 27 39 42 46 7 6 3 8 

Pjyff 22 37 42 45 47 6.8 I.V 

Social 23 17 20 21 22 -4.1 1 9 

Computer specialists 54 92 179 192 204 6.8 6.3 

^ As projected In the mid scenario. 

^"^'"^f' "8 category includes a numbe, of smaller fields that are combined in this report due to space limitations. None of these fields 
individually accounts for more than about 5 percent of the total engineering jobs. 

^Base number is 0 or too small to estimate. 

^SnaH?f o L^l!!^ '° S ''«^''«"'ages are calculated from unrounded data. Macroeconomic assumptions for the low. mid and high 

scenarios are described In appendix table 3-1 a. The standard industrial cidssiflcatlon codes are; 

Goods-producing 

Durable goods 24, 25 32-39 

Nondurable goods 20-23. 26-31 

Mining ' 10-14 

Construction 15. 17 

Services-producing 

Communlcations/transpoitation/utilitles 40.49 

Trade 5Q.59 

Financial services 60 -87 

Business and related services 70-79.81.83.89 



SOURCE: NSF, Division of Science Resources Studies. 

See figures 3-2. 3-3, 3-4. 3-5. 3-6. 3-1 7, 3-18, 3-19, 3-20. 3-21 . and 3-22: and 0-8 In Overview. 
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Appendix table 3«1a. Summary etatistlee for 
maerrAConomic ecenarloR; 1988-2000 



Macroeconomic scenarios 
In dicator Low Mid High 

Average annual real growth 

~ — Percent 

GNP 1.8 2.3 2.8 

Consumption ^ 1.5 1.9 2.4 

Business fixed Investment 2.6 3.5 4.5 

Exports 4.8 5.7 6.4 

Imports 3.0 3.6 4.3 

Average annual growth 

Percent 

Labor force 0.7 1.2 1.6 

Productivity 1.3 1.4 1.6 

industrial production 2.2 2.9 3.5 

Average level 

Percent 

Inflation (GNP deflator) 6.2 5.0 4.2 

Unemployment 5.9 5.6 5.4 

Notes: Growth rates for the projection period are compound annual growth rates 
calculated between the years 1 988 and 2000. Level variables are averages for the 
years 1989 to 2000. 

SOURCES: NSF and Data Resources (DRI). 
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Appendix table 3>2. Scientists and engineers employed in S/E Jobs, 
by field and gender: 1976'88 



Field and gender 


1976 


1978 


1980 


1982 


1984 


1986 


1988 (est.) 


Total scientists and engineers 


... 2,122,100 


2,364,400 


2,542,700 


2,866,700 


3,465,100 


3,919,900 


4 61 5 500 

IW|WWW 






2,153,000 


2,269,900 


2,552,503 


3.070,400 


3,393,700 


NA 






J»1 1,300 


272,800 


314,200 


394,600 


526,200 


NA 






937,500 


1 ,032,600 


1,147,500 


1,402,900 


1 ,676,400 


2 000.000 

b| WVW |WWW 






753,800 


806,200 


887,700 


1,078,200 


1,242,800 


NA 






183,700 


226,600 


259,900 


324,700 


433,600 


NA 






168,200 


166,300 


210.500 


234,000 


264 900 


286 500 






155.700 


151,700 


190,000 


208,000 


229,500 


NA 






12,500 


14,500 


20,500 


26,000 


35,400 


NA 






48,000 


57,300 


68,300 


87,000 


103 900 


132 500 

1 Wm I WWW 






36,700 


42,100 


45,500 


68,200 


78,900 


NA 






11,400 


15,200 


22,800 


18,800 


25,000 


NA 






171,400 


196,700 


216,100 


340,400 


437,200 


551 800 

WW 1 1 W WW 






131,300 


147,600 


158,700 


251,600 


308,700 


NA 






40,000 


49,100 


57,400 


88,800 


128,400 


NA 


Environmental scientists 


46,600 


56,900 


63,100 


82,700 


89,900 


97,300 


98,200 






51,600 


54,700 


71,100 


80,800 


87,200 


' NA 






5,300 


8,400 


11,700 


9,100 


10,100 


NA 






227,800 


267,300 


298,000 


294,100 


340,500 


380 600 

WW W|WWW 






191,800 


218,400 


239,000 


226,000 


257,100 


NA 






36,000 


48,900 


59,000 


68,100 


83,300 


NA 






107,400 


112,500 


105,600 


151,900 


172,800 


229 200 

fcfciW|fcWW 






71,100 


70,400 


66,400 


92,900 


99,500 


NA 






36,300 


42,100 


39,300 


59,000 


73,300 


NA 


Social scientists 




157,800 


169,700 


166,200 


205,600 


259.800 


321 000 

Wm I |WWW 






115,700 


121,300 


117,000 


150,800 


131,800 


NA 






42,200 


46,300 


49,200 


54.900 


78,000 


NA 






1,426,900 


1 ,509,900 


1,719,100 


2,062,200 


2,243,500 


2 615 500 

b| w 1 w 1 www 






1,399,300 


1,463,600 


1,664,800 


1,992,200 


2,150,900 


NA 






27.700 


46,200 


54,300 


70,000 


92,600 


NA 


Astronautlcal/aeronautical 


55,700 


61,100 


65,000 


77,200 


91,800 


104,200 


112 000 

1 1 b| WWW 






60,400 


63,700 


75,100 


89,600 


100,300 


NA 






700 


1,300 


2,100 


2,200 


3,900 


NA 






81,900 


89,000 


101,100 


127,500 


131,500 


132.200 

1 Wb 1 mm WW 






79,300 


84,500 


95,300 


119,200 


121,200 


NA 






2,500 


4.500 


5,700 


8,300 


10,300 


NA 


Civil 




205,200 


217,000 


243,700 


293,000 


319,100 


311 200 

W ■ 1 fbWW 






201,900 


211,500 


237,900 


284,400 


307,200 


NA 






3,300 


5,500 


5,900 


8,500 


11,900 


NA 


Electrical/electronics 


267,900 


327,000 


357,400 


413,500 


475,000 


540 800 


601 500 

WW 1 1 www 






323,600 


350,200 


405,400 


463,800 


523,200 


NA 






3,500 


7,200 


8,100 


11,200 


17,600 


NA 






296,500 


308,800 


334,400 


414,000 


453,700 


597 900 

Wwr |WWW 






292,300 


302,000 


327,700 


403,300 


440,100 


NA 






4,200 


6,800 


6,700 


10,700 


13,600 


NA 






455,200 


472,700 


549,200 


660,900 


694,200 


860,700 






441,800 


451,700 


523,400 


631,900 


658,900 


NA 






13,500 


S0,900 


25,800 


29.100 


35,300 


NA 



NA « Not available: S/E » science and engineering. 

Notes: Detail may not add to total because of rounding. Total fields for 1988 were estlnfiated based on the 1 988 S/E employment rate for that year. Rates were 
not available by gender 

SOURCES: NSF. U.S. Scientists and Engineers: 1986; and unpublished data. 
See figures 3-7 and 3-8, and 0-9 and O-10 In Overview. 
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Appendix tabb 3*3. Scientists end engineers employed in non>S/E jobs, 
by field end gender: 1976-88 



ri6iU anu ytvnucir 


1 9rQ 


1 37f 0 




1 0fiO 


IQPA 
1 304 


1 900 


1900 vesL; 


Total scientists and engineors 


209,100 


245,400 


317,700 


386,4u0 


530,400 


706,600 


659,100 




184,400 


214,600 


274,900 


311,600 


412,500 


534,100 


NA 


VA f A w% Am 


OA finn 




4<:,oUU 


7A 7nn 


1 1 fi nnn 


1 70 Ann 






115,700 


133,500 


161,700 


256,200 


376,500 


509,900 


624,600 




92,200 


103,600 


111,600 


167,400 


265,100 


343,900 


NA 










7n 7nn 


4 4 o Jinn 


4 fic nnn 


KIA 

IMA 




34,000 


40,100 


48,900 


16,900 


20,100 


23,500 


24,900 




29,100 


34.100 


42,800 


15,100 


17,800 


20,600 


NA 






o,uuu 


v,OUU 


1 onn 


o onn 


o onn 


KIA 




4,600 


5,700 


7,000 


11,100 


13,400 


27,100 


34,600 




3,400 


3,600 


4,300 


6,500 


10,300 


16,200 


NA 


\A f A MA AM 


1 (OQU 


1 ,7QQ 






3,1 QO 


A AAA 
6,900 


NA 


Computer specialists 


3,000 


5,600 


11,100 


62,900 


96,400 


125,400 


158,400 




3,300 


5,500 


2,300 


61,600 


71,100 


91 ,300 


NA 




Q 






21 ,oQQ 




A J 4 AA 

34,1 QQ 


KIA 




6,200 


12,000 


14,500 


4,500 


6,200 


14,000 


14,400 




6,900 


10,100 


12,100 


3,700 


7,000 


11,200 


NA 




1 |0UU 






fi}\j 


1 ,20Q 


A AAA 
2,600 


KIA 

IMA 




15,300 


16,300 


20,200 


39,100 


59,200 


71,300 


79,600 




11,900 


12,700 


16,000 


29,500 


44,700 


61,900 


NA 




Q Ann 




A onn 


o Ann 


14,9Q0 


iQ cnn 


KIA 




6,600 


14,300 


15,600 


32,600 


57,600 


60,700 


104,900 




5,300 


6,600 


9,000 


16,600 


26,200 


36,900 


NA 






R 7nn 
9|f UU 


c Ann 


«fi inn 


OQ Ann 


A4 onn 
41 ,9QQ 


KIA 

NA 




41,800 


39,600 


34,300 


71,000 


123,600 


168,000 


207,800 




32,500 


26,900 


25,400 


62,300 


66,000 


112,000 


NA 


lAi/^fviaM 










37,900 


cc nnn 
90,OOU 


KIA 

NA 




93,400 


111,900 


166,000 


126,100 


151,900 


196,600 


234,300 




92,200 


110,700 


163,100 


124,200 


147,400 


190,200 


NA 


(AIamA AM 


1 ,eUU 


1 ,1 QQ 


O f\f\f\ 


A nnn 


A cnn 


C Af\f\ 


MA 
IMA 




1,100 


900 


4,500 


3,600 


5,400 


6,300 


6,600 




1,300 


1,000 


4,600 


3,600 


5,300 


5,900 


NA 


lA Immm A n 


U 


u 


Q 


Q 


A 

Q 


Af\f\ 

4QQ 


KIA 

NA 




1,100 


2,300 


5,500 


6,600 


12,600 


17,500 


17,400 




1,300 


2,400 


5,500 


6,300 


12,100 


16,600 


NA 


VA^ArMAn 


f\ 

U 


u 


U 




600 


onn 

900 


KIA 
IMA 




5,400 


6.500 


15,100 


14,500 


19,700 


27.200 


26,700 




4,700 


6,500 


14,600 


14,300 


19,000 


26,200 


NA 


VAi/Mwon 




f\ 
\J 




onn 


onn 
800 


1 nnn 
1,000 


KIA 
IMA 




15,100 . 


. 14,500 


25,700 


24,200 


25,700 


33,700 


37,700 




14,900 


14,400 


25,200 


23,200 


24,700 


32,300 


NA 


\AiArvion 


« ^UU 




Ann 


1 nnn 


1 nnn 
1,000 


1 onn 
1 ,oOO 


KIA 
IMA 




3,400 


2,800 


13.600 


23,500 


31.600 


36.900 


51,300 








iA nnn 


OQ inn 


Qi Qnn 


00 <;nn 


KIA 
IMA 




100 


0 


0 


400 


300 


400 


NA 




67,300 


64,900 


101.400 


55,700 


56,900 


73,000 


94,600 




66,600 


63,600 


98,900 


53,700 


55,000 


70,700 


NA 




700 


1,200 


2,600 


2,000 


1.900 


2.400 


NA 



NA « Not available; S/E « science and engineering. 

Note: Detail may not add to total because of rounding. Total fields for 1 988 were estimated based on the 1988 S/E employment rate for that year. Rates were 
not available by gender. 

SOURCES: NSF, U.S. Scientists and Engineers: 1986; estimated and unpublished data. 
See figure 3*7. 
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Appendix table 3*4. Scientists and engineers employed In S/E jobs, by field and racial/ethnic group: 1976>88 



Field and raclal/othnic group 


1976 


1978 


1980 


1982 


1984 


1986 


1988 (est.) 






2,364,400 


2,542,700 


2,866,700 


3,465,100 


3.919.900 


4,615.500 


White 




2,189,600 


2,349,700 


2,638,200 


3,159,500 


3»S56.200 


NA 


Black 




43,000 


50,900 


59,000 


73,600 


87.900 


NA 




98,500 


102,800 


112,000 


122,500 


169,400 


199.000 


NA 




39,000 


29,000 


30,100 


47,000 


62,600 


76,800 


NA 


Total scientists 


843,800 


937,500 


1,032,800 


1,147,500 


1 ,402,900 


1 .676.400 


2.000.000 




764,200 


868,500 


957,900 


1,058,300 


1,281,900 


1,521.000 


NA 




19,400 


23,200 


26,000 


30,000 


39,000 


50.600 


NA 




43,100 


35,700 


37,500 


40,700 


57,500 


72.300 


NA 




17,100 


10.100 


11,400 


18,500 


24,500 


32.500 


NA 




154,900 


166,200 


166,300 


210,500 


234,000 


264.900 


286.500 


White 


141,200 


157,600 


155,600 


197,700 


213,100 


240.400 


NA 




2,400 


2,500 


2,400 


2,900 


4,800 


5.400 


NA 


Asian 


6,400 


7,300 


7,100 


7,400 


11,500 


14.500 


NA 


Other 


4,900 


800 


1,200 


2,500 


4,600 


4.600 


NA 


Mathematical scientists 


43,800 


48,000 


57,300 


68,300 


87,000 


103.900 


132.500 


White 


39,400 


44,100 


52,600 


61,600 


76,300 


91.300 


NA 




2,500 


2,400 


2,500 


3,400 


4,400 


6,100 


NA 




1,700 


1,500 


2,100 


2,500 


4,500 


4.200 


NA 


Other 


200 


0 


100 


600 


1,800 


2.300 


NA 




116,000 


171,400 


196,700 


216,100 


340,400 


437,200 


551 .800 


White 


108,000 


159,100 


181,500 


196,000 


305,000 


386,200 


NA 




1,500 


3,200 


4,300 


6,200 


9,900 


13.200 


NA 




3,900 


8,200 


9,700 


10,400 


20,800 


27.600 


NA 


Other 


2,600 


900 


1,200 


3,500 


4,700 


8.200 


NA 


Environmental scientists 


46,600 


56,900 


63,100 


82,700 


89,900 


97.300 


98,200 


White 


40,700 


51,600 


57,700 


76,700 


56,100 


93,600 


NA 




1,800 


1,000 


800 


400 


600 


400 


NA 




2,900 


1,600 


2,000 


3,600 


1,700 


1,900 


NA 


Other 


1,200 


2,700 


2,600 


2,000 


31,500 


1.400 


NA 




198,200 


227,800 


267,300 


298,000 


294,100 


340.500 


380,800 


White 


186,100 


213,200 


260,700 


280,400 


273,800 


313,100 


NA 


Black 


4,700 


5,300 


6,400 


7,500 


5,400 


7,100 


NA 




5,400 


6,300 


6,900 


6,500 


9,300 


12,900 


NA 


Other 


2,000 


3,000 


3,300 


3,600 


5,600 


7.400 


NA 




103,700 


107,400 


112,500 


105,600 


151,900 


1 72.800 


229.200 


White 


97,100 


102,400 


107,400 


100,700 


143,000 


161.800 


NA 




3,700 


3,400 


3,400 


2,400 


5,100 


6,000 


NA 


Asian 


700 


700 


1,000 


1,000 


1,400 


1.400 


NA 


Other 


2,200 


900 


700 


1,500 


2,400 


3.600 


NA 


Social scientists 


180.500 


157 800 


16a 700 

1 U9| r WW 


1 RR 9nn 


on<^ Ann 


ocQ onn 


Ocl,UUU 


White 


151,600 


140,500 


152,600 


145,100 


184700 


232,600 


NA 




2,900 


5,500 


6,400 


7,200 


8,900 


12,300 


NA 




22,100 


10,300 


8,700 


9,300 


8.100 


9,700 


NA 


Other 


3,900 


1,500 


2,000 


4,600 


3.900 


5.200 


NA 



(continued) 
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Appendix table 3-4. (Continued) 



Field and racial/ethnic group 1976 1978 1980 1982 1984 1986 1988 (est.) 

Total englnwrs 1,278,300 1,426,900 1,509,900 1,719,100 2,062,200 2,243,500 2,615,500 

White 1,185,500 1,321,100 1,391,700 1,579,800 1,877,600 2.035,200 NA 

Black 15,500 19,800 24,900 29,000 34,500 37,300 NA 

Asian 55,400 67,100 74,600 81.700 112,000 126,700 NA 

Other 21.900 18,900 18,700 28,600 38.100 44,300 NA 

Astronautical/aeronautical 55,700 61,100 65,000 77,200 91,800 ■;o4,200 112,000 

White 52,900 56,800 60,j00 72,700 86,000 94,900 NA 

Black 300 1,000 1,200 1,100 1,000 1,400 NA 

Asian 1,700 2,100 2,100 2,600 4.100 6,500 NA 

Other 800 1.200 1,200 800 700 1,400 NA 

Chemical 76,400 81,900 89,000 101,100 127,500 131,500 132.200 

White 71,100 76,000 81,300 91,800 113,700 119,200 NA 

Black 1,500 300 400 900 1,200 900 NA 

Asian 2,400 4,000 5,700 6,800 10,000 9,200 NA 

Other 1,400 1,600 1,600 1,600 2,600 2,200 NA 

Civil 182,800 205,200 217,000 243,700 293,000 319,100 311,200 

White 162,500 185,000 194,900 218,500 258,100 284,300 NA 

Blad< 1,800 2,700 3,800 3,600 4,500 4,800 NA 

Asian 14,800 14,500 15,200 16,500 23,000 23,300 N/^ 

Other 3,700 3,000 3,100 5,100 7,400 6,700 NA 

Electrical/electronics 267,900 327,000 357,400 413,500 475,000 540,800 601,500 

White 248,800 297.900 323,600 375,100 424,800 481,800 NA 

Black 2,600 5,700 7,500 8,800 10,600 11,000 NA 

Asian 12,700 19,500 22,100 23,100 29,400 36,000 NA 

Other 3,800 3.900 4,200 6,500 10,200 12,000 NA 

Mechanical 272,800 296,500 308,800 334,400 414,000 453,700 597,900 

White 255,300 277,400 288,900 310,800 382,300 416,000 NA 

Black 2,200 2,100 2,500 3,400 4,500 6,400 NA 

Asian 9,600 12,800 13,600 14,600 20,000 23,400 NA 

Other 5,700 4,200 3,800 5,600 7.200 7,900 NA 

Other engineers 422,700 455,200 472,700 549,200 660,900 694,200 860,700 

White 394,900 428,000 442,500 510,900 612,700 639,000 NA 

Black 7,100 8,000 9,500 11,200 12,700 12,800 NA 

Asian 14,200 14,200 15,900 18,100 25,500 28,300 NA 

Other 6,500 5,000 4,800 9,000 10,000 14,100 NA 

NA « Not available; S/E « science and engineering. 

Notes: Detail may not add to total because ot rounding. Total fields for ) 988 were estimated based on the 1 988 S/E employment rate for that year. Rates were 
not available by racial/ethnic group, 

SOURCES: NSF, U.S. Scientists and Engineers: 1 986; estimates and unpublished data. 
See figure 3-9. 
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Appendix table 3-5. Employed doctoral sclentlste and engineers, 
by field end gender: 1977-87 



Field and gonder 


1977 


1979 


1981 


1983 


1985 


1987 


Total scientists and 
Men 


285,055 
257,465 
27,590 


314.257 
280,857 
33,400 


343,956 
302,971 
40.985 


369.320 
320.494 
48,826 


400.358 
341.873 
58.485 


419,118 
352,386 
66,732 


Men 

Wonnen 


240,005 
212,696 
27,309 


263,915 
231,040 
32,875 


286.917 
246.685 
40.232 


307.775 
260,025 
47,750 


334.505 
^77.508 
56.997 


351,350 
286,346 
65,004 


Physical scientists 


57,531 
54,594 
2,937 


60,222 
57,086 
3,136 


63.110 
59.346 
3,764 


63,986 
59,811 
4,175 


67,480 
62,809 
4,671 


68,647 
63,163 
5.484 


Mathematical scientists « . 


14,609 
13,560 
1,049 


15,250 
14,104 
1,146 


15,569 
14,259 
1,310 


16,379 
14,964 
1.415 


16,758 
15,199 
1.559 


16,699 
15,074 
1.625 


Computer specialists .... 


5,767 
5,534 
233 


6,684 
6,318 
366 


9,064 
8,363 
701 


12.164 
10,898 
1,266 


14,964 
13,345 
1.619 


18.571 
16.693 
1.878 


Environmental scientists . 


13,001 
12,560 
441 


14,575 
13,968 
607 


15,909 
15,054 
855 


16,467 
15.553 
914 


17.288 
16,199 
1.089 


17,811 
16,510 
1,301 




70,537 
61,437 
9,100 


78,857 
67,528 
11,329 


84,912 
71,593 
13,319 


92,802 
76,573 
16,229 


101,838 
82.146 
19.692 


107,378 
85,269 
22.109 


Psychologists 


33,652 
26,055 
7,597 


37,848 
28,690 
9.158 


42.829 
31,103 
11.726 


46.645 
32,962 
13,683 


52.182 
35.673 
16.609 


56.378 
37,274 
19.104 




44,908 
38,956 
5,952 


50,479 
43,346 
7,133 


55,5£4 
46.987 
8.557 


59,332 
49.264 
10.068 


63.995 
52.237 
11.758 


65,866 
52,363 
13.503 


Men 

Women 


45,050 
44,769 
281 


50,342 
49.817 
525 


57,039 
56.286 
753 


61.545 
60,469 
1.076 


65,853 
64,365 
1.488 


67,768 
66,040 
1,728 


Astronautlcal/aeronautical 
Women 


1,987 
1.967 
20 


2.364 
2.340 
24 


2,519 
2,480 
39 


3,684 
3,614 
70 


3,827 
3,732 
95 


5,005 
4,884 
121 


Chemical 

Men 

Women 


5,603 
5.575 
28 


6,166 
6.117 
49 


7,146 
7.092 
54 


6,992 
6.895 
97 


7.122 
7.021 
101 


6,923 
6,783 
140 


Civil 


4.066 
4,051 
15 


5,157 
5.101 
56 


6.089 
6.003 
86 


5,317 
5.245 
72 


6.396 
6.305 
91 


6,479 
6,316 
163 


Electrical/electronics 


8,284 
8,246 
38 


8,597 
8,528 
69 


10,630 
10,493 
137 


12,696 
12,460 
236 


14,248 
13.901 
347 


12,601 
12.236 
365 


Mechanical 


4 64fl 
4.629 
19 


5,213 
32 


5.330 
40 


5.603 
54 


6.536 
58 


0,^1 1 

6,613 
98 


Other engineers 

Women 


20,462 
20.301 
161 


22,813 
22,518 
295 


25,285 
24.888 
397 


27.199 
26.652 
547 


27.666 
26,870 
796 


30,049 
29,208 
841 



Note: Detail may not add to total because of rounding. 

SOU ROE : NSF. Characteristics of Doctoral Scientists and Engineers in the United States: 1 987. 
See figure 3-10. 
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Appendix tablo 3-6. Employed doctoral scientists and engineers, by field and 

racial/ethnic group: 1977<87 



Field and racial/ethnic group 


1977 


1979 


1981 


1983 


1985 


1987 


Total scientists and 














engineers 


265,055 


314,257 


343,953 


369,320 


400,358 


419,110 


White 


258,255 


284,965 


309,123 


328,455 


355,125 


372,985 


Blad( 


2,709 


3,227 


4.224 


4,948 


5.716 


6,359 


Asian . 


16,275 


22,912 


27,350 


29,740 


34,533 


36,397 


Other 


7,816 


3,153 


3,256 


6.177 


4,984 


3,377 


Total scientists 


240,005 


263,915 


286,917 


307,775 


334,505 


351,350 


White 


219,636 


243,008 


261,912 


278,722 


302,526 


319,091 


Black 


2,588 


3,125 


3,954 


4,538 


5,203 


5,704 


Asian 


11,229 


15.037 


18,328 


19,259 


22,651 


23,645 


other 


6,552 


2,745 


2.723 


5,256 


4,125 


2,910 


Physical scientists 


57,531 


60,222 


63,110 


63,98') 


67,480 


68,647 


White 


51,963 


54,618 


56.245 


56,521 


59.598 


60,751 


Black 


543 


403 


579 


690 


522 


620 


Asian 


3,441 


4.719 


5.769 


5,684 


6.561 


6,761 


Other 


1,584 


482 


517 


1.091 


799 


488 


Mathematical scientists . . 


14,609 


15,250 


15,569 


16,379 


16,758 


16,699 


White 


13,218 


13.729 


13.975 


14,531 


14.921 


14,940 


Black 


120 


144 


167 


178 


166 


166 


Asian 


799 


1.110 


1,155 


1.378 


1,368 


1,482 


Other 


472 


267 


272 


292 


303 


111 


Computer specialists — 


5,767 


6,684 


9,064 


12,164 


14,964 


18,571 


White 


5,014 


6.059 


8,056 


11,012 


13,064 


16,219 


Black 


15 


4 


27 


43 


85 


200 


Asian 


613 


561 


868 


944 


1,634 


1,838 


Other 


125 


60 


113 


165 


181 


314 


Environmental scientists . 


13,001 


14,575 


15,909 


16,467 


17,288 


17,811 


White 


12,125 


13.813 


14.996 


15,476 


15,774 


16,587 


Black 


24 


65 


34 


33 


98 


222 


Asian 


572 


539 


744 


770 


1.133 


943 


Other 


280 


158 


135 


188 


283 


59 


Life scientists 


70,537 


78,857 


84.912 


92,802 


101,838 


107,378 


White 


64,243 


71.861 


77,089 


83,378 


92,002 


96,955 


Black 


769 


883 


1,013 


1,142 


1,419 


1,456 


Asian 


3,980 


5.417 


6,257 


6.750 


7,412 


8.207 


other 


4 SAC 

1,545 


696 


553 


1,532 


1,005 


760 


Psychologists 


33.652 


37,848 


42,829 


46,645 


52,182 


56,378 


White 


31,943 


36,480 


9,825 


44,237 


49,508 


53,655 


Black 


467 


594 


809 


983 


1,190 


1.266 


Asian 


313 


412 


583 


640 


756 


858 


Other 


929 


362 


31,612 


785 


728 


599 


Social scientists 


44,908 


50,479 


55,524 


5.9,332 


63,995 


65,866 


White 


41,130 


46,448 


50,542 


5i<,567 


57,659 


59.984 


Black 


650 


1,032 


1,325 


1,469 


1,723 


1,774 


Asian 


1.511 


2,279 


2,952 


3.093 


3,787 


3,529 


Other 


1,617 


720 


705 


1.203 


826 


579 



(continued) 
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Appendix table 3-6. (Continued) 



Field and racial/ethnic group 1 977 1 979 1981 1983 1985 1987 



Total engineers 45,050 50,342 57.039 61,54r> 65.853 67.768 

38,619 41.957 47.211 49.733 52.599 53,894 

121 102 270 410 513 655 

Sf?" 5.046 7,875 9.022 10.481 11,882 12.752 

^^^f 1.264 408 536 921 859 467 

Astronautlcal/aeronautical 1.987 2,364 2.519 3,684 3 827 5 005 

^,^^f 1.793 2.122 2.232 3,128 3!295 4.092 

0 2 10 21 27 34 

JS'S" 138 232 269 482 603 869 

56 8 8 53 2 10 

^^f,?"' 5.603 6,166 7.146 6.992 7.122 6.923 

r^h'te 4,674 4,953 5,553 5.384 5.130 4.988 

12 10 37 13 66 72 

i^'an 721 1,200 1.554 1.502 1.923 1.814 

Olfier 196 3 2 93 3 49 

°'y" • 4,066 5,157 6,089 5.317 6,396 6,479 

r^h'te 3,255 3,876 4,785 4.190 5.063 5,182 

Blaa< 6 1 24 24 85 23 

J^" 718 1.204 1.226 1.059 1.182 1.254 

O'fief 88 77 54 44 66 20 

Electrical/electronics .... 8,284 8,597 10.630 12.696 14.248 12 601 

^h;te 7,229 7,252 8,931 10,310 11,386 9744 

faCK 45 15 40 75 90 209 

i^'a" 833 1.272 1.552 2,093 2.553 2.525 

O'^e^ 177 68 107 218 219 123 

•^S®"'"' 4.648 5.245 5.370 5.657 6,594 6.711 

^^•^f 3.793 4.057 4,313 4.382 5.069 5,124 

f'ack 5 22 10 91 81 127 

771 1.165 1.045 1.157 1.354 1.412 

79 1 2 27 90 48 

Other engineers 20,462 22,813 25,285 27.199 27.666 30,049 

^h't® 17.875 19.698 21.397 22.339 22.656 24.764 

ffl^ 54 52 149 186 164 190 

f,^" 1.865 2,802 3.376 4.188 4.367 4.878 

^^^^f 688 261 3 63 486 479 217 

Note: Detail may not add to total because of rounding. 

SOURCE; NSF, Ctiaracterlstlcs of Doctoral scientists and Engineers in ttie United States: 1987. 
See figure 3-11. 
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Appendix table 3*7. Selected employment characteristics of sclerttists and engineers, by field, gender, and racial/ethnic group: 1986 



Labor force participation rate Unemployment rate S/E employment rate S/E underemployment rate S/E underutilization rate 



Field and racial/ethnic group 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


















































Percent 
















Total scientists & encilneers^ . . . 


94,5 


94.6 


93 9 


1 5 


1,3 


2.7 


84,7 


66 4 


75 3 


2 6 


1 a 




4 1 




f (.9 


White 


94.3 


94.4 


93.8 


1,5 


1.3 


2.6 


84.9 


86.4 


75.9 


2.5 


1.9 


6.1 


3.9 


3.1 


8.5 


Black 


97.2 


97.6 


96.4 


3.8 


2.8 


6.0 


76.5 


79.1 


70.k 


5.5 


3.7 


9.7 


9.1 


6.4 


15.2 




96.3 


97.0 


93.1 


1,8 


1.9 


1.6 


87.7 


90.7 


72.0 


2.2 


1.6 


4.1 


3.9 


3.6 


5.6 




96.0 


95.9 


98.8 


1.2 


1.3 




79,3 


80,5 


69.4 


2.4 


1.1 


13.1 


3.6 


2.4 


13.1 




95.2 


96.1 


92.2 


2.1 


2.2 


1.7 


80.2 


83.8 


66.5 


4.8 


2.5 


13.4 


6.7 


4.6 


14.8 


Total scientists 


95.3 


95.9 


94.0 


1.9 


1.6 


2.7 


76.7 


78.3 


72.3 


4.3 


3 3 


7.0 


6.1 


4 8 


9 5 

w.w 


White 


95.2 


95.8 


93.8 


1.8 


1.5 


2.6 


77.1 


78.6 


73.0 


4.2 


3.3 


6.7 


5.9 


4.7 


9.1 


Black 


97.0 


97.2 


96.7 


3.7 


1.6 


6.5 


68.7 


69.7 


67,2 


7,5 


5.2 


10.8 


10.9 


6.7 


16.7 




96.1 


97.5 


93.2 


2.3 


2.8 


1.1 


76.9 


81.7 


66,3 


3.5 


3.0 


4.6 


5.8 


5.8 


5.7 




96.6 


96.7 


96.4 


2.1 


2.7 


(') 


68.2 


68.5 


67.3 


5.0 


2.1 


14.7 


7.0 


4.8 


14.7 




94.9 


96.5 


91.9 


3.0 


3.8 


1.4 


67.5 


71.0 


61.2 


8.2 


4.0 


15.9 


10.9 


7.6 


17.0 


Physical scientists 


93.6 


94.1 


90.8 


1.4 


1,2 


3.1 


91.9 


91.8 


92.4 


1.9 


1.6 


3 5 

WW 


3 3 

WiW 


2.8 


6.5 


White 


93.5 


94.0 


90.2 


1,4 


1.1 


3.1 


91.8 


91.6 


93.4 


1.7 


1.5 


3.0 


3.1 


2.7 


6.0 


Black 


98.1 


98.4 


97.6 


2.6 


2.0 


4.2 


87.2 


89.3 


81.8 


4.6 


3.1 


8.5 


7.1 


5.0 


12.3 




93.0 


93.5 


91.9 


1,2 


1.3 


0.9 


94.4 


94.8 


93.5 


2.5 


2.2 


3.3 


3.6 


3.4 


4.1 




80.7 


80.7 


(=>) 


{') 






100.0 


100.0 


(') 


(^) 


(=>) 












94.1 


97.3 


83.1 


3.2 


1.3 


10.7 


96.8 


96.7 


v7.4 


1.8 


1.7 


2.6 


5.0 


3.0 


13.0 


Mathematical scientists .... 


94.6 


95.4 


92.6 


1,3 


0.8 


2.7 


79.3 


81,3 


73.8 


3.3 


2.0 


7.1 


4.6 


2.8 


9.6 


White 


94.2 


95.0 


92.1 


1.3 


0.7 


2.7 


79.0 


81.2 


73.0 


3.1 


1.8 


6.8 


4.3 


2.5 


9.3 




96.4 


98.4 


98.5 


1.2 


(') 


3.4 


90.0 


90.5 


89.0 


4.2 


5.5 


1.8 


5.4 


5.5 


5.1 




97.9 


98.4 


94.8 


2.3 


2,6 


(') 


70.3 


69.3 


77.0 


3.9 


3.3 


7.5 


6.1 


5.9 


7.5 




100.0 


100.0 


100.0 






(3) 


39.7 


66.7 


13.8 


44.0 




86.2 


44.0 




86.2 




97.6 


97.7 


97.4 


0.9 


1.4 


(') 


62.6 


92.3 


670 


3.6 


1.5 


6.9 


4.4 


2.9 


6.9 






QQ A 




u.o 


u.o 


1 ft 

1 .D 


77 7 


77 0 


70 n 




c.O 




0.<3 


3.0 




White 


g».6 


99.4 


96.6 


0.8 


0,5 


1.6 


78.1 


77.5 


79,7 


2.4 


2,4 


2.2 


3.2 


3.0 


3.8 




99.2 


100.0 


98.0 


1,2 


0,3 


2.7 


70.1 


69.8 


70.6 


4.2 


2.7 


6.6 


5.4 


3.0 


9.2 




97.6 


99.3 


92.7 


0.6 


0.5 


1.0 


vex 


76.C 


75.5 


2.7 


2.5 


3.4 


3.3 


3.0 


4.3 




100.0 


100.0 


100.0 


1.9 


2.2 


(') 


52,4 


47.8 


75.4 


n 


{') 




1.9 


2.2 


(') 


Hispanic^ 


96.4 


100.0 


89.3 


o.g 


1.3 




65.7 


69.9 


56.5 


5.5 


6.6 


3.1 


6.3 


7.8 


3.1 



(continued) 
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Appendix table 3-7. (Continued) 



LaiX)r force participation rate Unemployment rate S/F. employment rate S."E underemployment rate S/E underutilization rate 



Field and racial/othnic group 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


















' PfirpAnt — 
































J d vol II 
















Environmental scientists . . * 


94.5 


94.6 


92.1 


4.4 


3.9 


82 


87 4 


fifi fi 
ww.w 


f o.u 


5 fi 
w.w 


A 

■♦.0 


1 1 A 

1 1 .o 


Q 7 


A C 
0.0 


1 D 

lO.O 


White 


94.4 


94.7 


91.9 


4.5 


4.0 


64 


86 5 

WW « \J 


fidfi 

Ww.w 


78 5 

r W.W 


R e 

w.w 


A 6 

H.w 


117 


0 7 

w« r 


A A 


1Q 1 

19.1 


Black . 


• 97.5 


97.1 


100.0 


0.6 




CO 


41 3 

■T 1 .W 


'^l Q 

w 1 .9 


inn n 


A A 


5 1 

w. 1 


/3\ 


O.U 


0.4 




Asian 


97.3 


97.1 


100.0 


2.6 


2.9 


\ } 


fid 6 


91 2 


71 7 


fi fi 
w.w 


9 7 

W. f 


V / 


119 


io O 






93.6 


93.0 


100.C 


(') 




(^) 


74.2 


77.9 


50.0 


15.5 


10.2 


50.0 


15.5 


10.2 


50.0 




95.0 


94.5 


100.0 


4.8 


5.3 


(^) 


84.5 


85.4 


76.6 


9.0 


6.9 


9.6 


13.3 


13.7 


9.6 


Life scientists 


93.0 


94.1 


90.0 


2.1 


1.7 


3.4 


82 7 




81 1 

W 1 . 1 


4 7 


1 

w. 1 


Q fi 

w.w 


fi 7 


A 7 


19 A 


White 


92.8 


93.9 


89.5 


2.1 


1.6 


3.4 


82.9 


83,1 


82 1 


•t 


1 

w. 1 


O.w 


w.*t 


A 7 


1 1 A 

1 1 .0 


Black 


96.5 


98.6 


97.9 


3 6 


1.4 


7,4 


fiO 9 

WW. 9 


WW."T 


76 9 

r W.v 


7 *\ 

f .w 


'\ A 


1*^ 7 

1 w. r 


1 n Q 


A A 


9n 1 




94.0 


96.1 


90.7 


2.6 


2 1 


33 


65.7 


90 4 


77 fi 

r r .W 


7 5 

/ •w 


w.s. 


1/. 7 


Q Q 


O.c 


17 A 

1 f .0 




100.0 


100.0 


100.0 






(^) 


63.3 


75.3 


41.5 


0.7 


(') 


2.0 


0.7 


\ / 


2.0 




92.2 


94.2 


89.5 


o.e 


1.3 




71.3 


74.6 


66.5 


16.2 


5.7 


31.5 


16.9 


6.9 


31.5 


Psychologists 


95."' 


94.9 


95.3 


2.5 


2.2 


3.0 


66.2 


71.9 


63 6 


5 7 

W. r 


4 7 


fi fi 

w.w 


fi 1 

W. 1 


fi A 
w.O 


Q fi 


White 


95.0 


94.7 


95.4 


2.3 


1 a 


3.0 


69.1 


71 7 


65 7 

WW. f 


5 fi 
w.O 


A A 


7 0 


fi n 

w.U 


A A 
D.D 


Q A 

9.0 


Black 


94.5 


97.0 


93.3 


3.6 


1.5 


4.6 


66.6 


80 4 

WW."T 


59 3 


A Q 


V } 


7 fi 
/ .w 


O.w 


1 A 

1 .0 


117 




99.0 


100.0 


96.8 


4.3 


23.0 




26.0 


95.2 


16.2 


V 1 


(^\ 
\ I 


\ } 


■t. w 


n 

C.W.W 






100.0 


100.0 


100.0 


8.5 


11.2 




94.3 


92.3 


100.0 


11.5 




44.6 


19.1 


11.2 


44.6 




96.1 


96.3 


95.9 


4.3 


4.8 


3.8 


46.3 


40.9 


51.0 


7.1 


5.3 


8.7 


1 1.1 


9.8 


12.2 


Social scientists 


95.4 


95.6 


94.6 


2.4 


2.3 


2.7 


60.7 


61 9 


S8 2 


7 2 


5 4 

W.H 


11 1 


9 A 


7 fi 

f .w 


' 1 A 
1 w.O 


White 


95.3 


95.6 


94.3 


2.0 


2.0 


2.1 


61 1 

W 1 . 1 


UC..W 


5fi 1 

WW. 1 


6 9 


5 9 
w.£ 


in Q 

1 w.w 


A A 
0.0 


7 i 


19 A 

1 c.O 


Black 


95.0 


9i.7 


96.8 


6.6 


3 4 


11.2 


53.7 


sn fi 

ww.w 


57 fi 

w / .w 


1^9 1 

1 w. 1 


9 fi 

w.w 


17 Q 

1 f .w 


1Q n 


19 A 

1 c.O 


97 1 




96.1 


j7A 


92.9 


6.4 


9.6 


V / 


'"3 4 


74 7 


57 0 

w# .w 


'\ n 

w.w 


A 3 

H.w 


n fi 

w.w 


9 9 


1^ A 
10. 0 


n A 
u.o 




95.0 


100.0 


81.1 


(') 


(^) 


(') 


49.0 


34.0 


100.0 


7.5 


9.7 




7 5 

f .w 


9.7 


f3) 


Hispanic^ 


95.0 


95.6 


93.6 


5.8 


8.7 


(') 


57.6 


57.9 


56.9 


7.7 


0.6 


20.9 


13.1 


9.2 


20.9 




93.6 


93.6 


93.6 


1.2 


1.2 


2.5 


91.9 


91.9 


93.5 


1.0 


1.0 


2.3 


2.2 


2,1 


4.8 


White 


93.5 


93.5 


93.5 


1.2 


1.1 


2.5 


91.8 


91.7 


93.5 


1.0 


0.9 


2.4 


2.1 


2.0 


4.9 


Black 


97.7 


98.0 


94.6 


4.0 


4.2 


2.0 


90.3 


90.2 


90.9 


2.0 


1.9 


2.3 


5.8 


6.0 


4.3 




96.5 


96.7 


93.0 


1.5 


1.4 


3.7 


95.4 


95.4 


94.7 


1.2 


1.1 


1.9 


2.7 


2.5 


5.5 




95.6 


95.5 


100.0 


0.4 


0.4 


(?) 


87.8 


87.8 


87.5 


0.4 


0.5 


(') 


0.9 


0.9 


{') 




95.6 


95.6 


93.4 


1.2 


1.0 


3.2 


92.6 


92.5 


93.5 


1.4 


1.5 


0.8 


2.6 


2.5 


4.0 
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Appendix table 3-7. (Continued) 



Labor force participation rate Unemployment rate S/E employment rate S/E underemployment rate S/E underutllization rate 

Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 

— Percent 5-^- 

Aeronautical/ 





94.7 


94.5 


98.7 


0.4 


0.4 


1.3 


94.3 


94.4 


91.1 


0.6 


0.5 


3.5 


1.0 


0.9 


4.8 


White 


94.3 


94.1 


98.6 


0.5 


0.4 


1.4 


94.2 


94.3 


91.0 


0.4 


0.3 


3.1 


0.9 


0.7 


4.5 






100.0 


100.0 


(') 


(') 


(') 


86.4 


87.3 


75.7 


7.6 


6.3 


24.3 


7.6 


6.3 


24.3 






99.6 


100.0 


(') 


(') 


(') 


96.2 


98.1 


100.0 


0.8 


0.8 


(^) 


0.8 


0.8 


(') 






86.7 


(=) 


(') 


(=) 


(3) 


100.0 


100.0 




(') 




(=) 




(^) 


') 






100.0 


100.0 


(") 


(=) 


(3) 


92.9 


92.5 


100.0 


6.0 


6.4 


(') 


6.0 


6.4 


(») 


Chemical 


89.1 


89.1 


89.8 


2.6 


2.5 


4.0 


86.2 


87.9 


92.3 


1.9 


1.8 


3.2 


4.5 


4.3 


7.1 


White 


88.6 


88.6 


89.1 


2.6 


2.5 


3.6 


89.1 


88.7 


94.1 


1.8 


1.8 


2.3 


4.3 


4.2 


5.6 




99.0 


100.0 


94.3 


1.9 


0.9 


6.6 


43.6 


40.7 


59.0 


6.2 


3.4 


21.0 


8.0 


4.3 


26.2 




95.8 


96.1 


93.5 


4.2 


3.7 


8.6 


91.3 


91.9 


86.3 


1.7 


1.4 


4.2 


5.9 


5.1 


12.5 




74.9 


74.1 


100.0 


{^) 




(') 


10.9 


7.1 


100.0 


6.8 


7.1 


(') 


6.8 


7.1 


(') 




99.7 


99.6 


100.0 


6.8 


7.7 


2.2 


92.0 


93.8 


83.7 


0.6 


0.7 


(^) 


7.3 


8.4 


(^) 


Civil 


92.3 


92.2 


95.0 


1.7 


1.6 


3.6 


92.1 


92.1 


92.4 


1.2 


1.0 


6.3 


2.9 


2.6 


9.7 


White 


92.1 


92.0 


94.7 


1.3 


1.3 


3.2 


92.1 


92.1 


91.4 


1.3 


1.0 


7.1 


2.6 


2.3 


10.0 




98.3 


98.6 


90.4 


17.2 


17.7 


5.7 


91.7 


91.3 


100.0 


1.3 


1.2 


2.4 


18.2 


18.6 


8.0 


Asian 


93.3 


93.1 


97.9 


1.3 


1.1 


6.3 


95.2 


95.0 


100.0 


0.7 


0.7 


(^) 


1.9 


1.8 


6.3 




97.9 


97.9 




(') 


{') 


(') 


95.7 


95.7 




(') 


(') 


{') 


(') 


(') 


{') 




92.2 


92.5 


87.9 


2.0 


0.7 


20.9 


S7.3 


97.2 


100.0 


1.7 


1.8 


{') 


3.6 


2.5 


20.9 


Electrical/ 


































93.5 


93.7 


90.0 


1.1 


1.1 


1.0 


94.1 


94.2 


93.0 


0.8 


0.8 


0.3 


1.8 


1.B 


1.3 


White 


93.2 


93.3 


90.9 


1.0 


1.0 


0.7 


94.1 


94.1 


92.8 


0.7 


0.8 




1.7 


i.a 


0.7 




96.1 


97.5 


73.2 


3.1 


3.3 


(3) 


92.1 


91.8 


100.0 


2.0 


2.1 


(') 


5.1 


5.3 


{') 




96.5 


97.3 


85.5 


1.3 


1.1 


4.5 


95.1 


95.3 


92.7 


0.7 


0.6 


2.8 


2.0 


1.7 


7.1 




94.6 


94.6 






(^) 


{') 


90.4 


90.4 


(^) 




0) 


(^) 




{') 


(') 


Hispanic^ 


94.5 


95.0 


84.9 


1.4 


1.5 


{') 


93.4 


94.0 


80.1 


0.3 


0.3 


(^) 


1.7 


i.b 
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Appendix table 3-7. (Continued) 



Labor force participation rate Unemployment rate 



S/E employment rate S/E underemployment rate S/E underutilization rate 



Field and racial/ethnic group 



Total Mab Female Total Male Female Total Male Female Total Male Female 



Total Male Female 



industrial 96.1 96.0 

White 95.8 95.8 

Black 100.0 100.0 

Asian luo.O 100.0 

Native American lOO.O 100.0 

Hispanic^ 95.0 95.9 

Materials 94.0 34.1 

White 93.8 93.8 

Black 99.0 100.0 

Asian 95.6 97.0 

Native American 100.0 100.0 

Hispanic^ 96.3 93.3 

Mechanical 91.2 91.1 

White 90.7 90.7 

Black 97.4 97.1 

Asian 97.1 97.0 

Native American 100.0 100.0 

Hispanic^ 94.7 94.6 

Mining 93.7 93.6 

White 94.1 94.0 

B'sick 4.8 4.8 

Asian 97.9 97.9 

Native American lOO.O 100.0 

Hispanic^ 100.0 100.0 

Nuclear 97.8 98.1 

White 97.7 98.1 

Black 98.9 98.8 

Asian 98.7 98.9 

Native American ""OO.O 100.0 

Hispanic^ 95,7 100.O 



97.0 
96.7 
100.0 
100.0 
100.0 
74.0 

92.7 
93.2 
97.1 
77.0 
100.0 
100.0 

93.2 
92.5 
100.0 
100.0 

(') 
100.0 

96.0 
95.7 

{') 
{') 
{') 
100.0 

89.0 
88.4 
100.0 
76.9 

{') 
81.0 



1.1 
1.1 
1.9 
1.5 

{') 

1.7 
1.7 
0.3 
2.3 

{') 
0.5 

1.3 
1.3 
1.2 
1.8 

{') 
0.2 

2.2 

2.2 
{') 
{') 
64.3 

6.9 

1.0 
1.0 
1.4 
0.5 

{') 
2.2 



1.1 
1.1 
2.4 
1.6 

{') 
{') 

0.7 
0.7 
0.5 
2.0 

{') 
1.0 

1.3 
1.3 
0.6 
1.9 

(') 
0.2 

2.2 
2.2 
(') 
{') 
64.3 
9.6 

1.0 
1.0 

{') 
0.5 

{') 
2.7 



1.4 
1.6 

(3) 
(3) 
(3) 
(3) 

17.4 
20.5 

(') 
6.9 

2.5 
2.5 
6.4 

-3.0 

1.0 
1.0 

(') 
{') 
(') 

1.4 
0.8 
17.2 

{') 



82.2 
81.3 
93.4 
96.5 
100.0 
93.1 

88.3 
87.8 
72.4 
97.1 
100.0 
96.1 

92.1 
91.9 
95.6 
95.3 
89.0 
87.3 

86.1 
85.7 

100.0 
100.0 
100.0 

97.5 

97.4 
100.0 

99.2 
100.0 

85.2 



Percent - 
81.6 
80.8 
91.7 
97.4 
100.0 
92.9 

88.1 

87.3 
100.0 

97.0 
100.0 

92.8 

92.0 
91.8 
95.9 
95.2 
89.0 
87.2 

65.6 
85.2 

100.0 
100.0 
100.0 

97.5 

97.4 
100.0 

99.2 
100.0 

81.7 



91.6 
91.1 
100.0 
81.3 
100.0 
100.0 

92.0 
99.0 
16.1 
100.0 
100.0 
100.0 

96.5 
96.6 
93.0 
100.0 

(') 
90.3 

97.6 
97.4 

{') 
(') 

n 

100.0 

98.1 
97.9 
100.0 
100.0 

(') 
100.0 



1.2 
1.1 
4.9 
1.1 

4.0 

0.9 
0.8 

(') 
3.4 

{') 
(') 

1.1 
1.0 
0.6 
2.5 

{') 
1.4 

1.6 
1.6 
100,0 

{') 
{') 

0.4 
0.3 

{') 
0.6 

{') 
2.3 



1.1 
1.0 
6.2 

(3) 

4.2 

0.9 
0.8 

(3) 
3.6 

{') 

1.1 
1.0 
0.7 
2.5 

{') 
1.2 

1.6 
1.6 
100.0 

{') 
(') 
{') 

0.3 
0.3 

{') 
0.6 

(3) 
2.8 



3.0 
2.8 

18.7 

{') 
{') 

0.8 

1.0 

(3) 
(3) 
{') 
(3) 

1.8 
1.9 

{') 
(') 
{') 
9.7 

0.7 
0.8 

(3) 
(3) 
(3) 
(») 

0.5 
0.5 

(3) 
(3) 
(3) 
?) 



2.3 
2.2 
6.7 
2.6 

(') 
4.0 

2.6 
2.4 
0.3 
5.6 

0.5 

2.4 
2.3 
1.8 
4.2 

{') 
1.6 

3.8 
3.7 
100.0 

(3) 
64.3 
6.9 

1.4 
1.3 
1.4 
1.1 

{') 
4.4 



2.2 
2.1 
8.4 
1.6 

4.2 

1.6 
1.4 

0.5 
5.S 

(') 
1.0 

2.4 
2.3 
1.2 
4.3 

{') 
1.3 

3.8 
3.8 
100.0 

(») 
64.3 
9.6 

1.4 
1.3 

{') 
1.1 

(') 
5.5 



4.3 
4.3 

P) 
18.7 

(') 
{') 

18.0 
21.3 

(3) 
6.9 

{') 
{') 

4.3 
4.3 
6.4 

(') 
{') 
9.7 

1.7 
1.8 

(') 
(') 
(3) 
(') 

1.8 
1.4 
17.2 

(') 
P) 
(3) 
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Appendix table 3-7. (Continued) 



Labor force participation rat e Unemployment rate S/E employment rate S/E underemployment rate S/E underutilization rate 

. Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 



Percent 





95.3 


95.3 


95.2 


3.4 


3.2 


6.9 


92.9 


93.5 


84.6 


2.0 


1.9 


4.4 


5.4 


5.0 


11.0 






95.6 


96.0 


3.0 


2.7 


7.6 


92.7 


93.0 


86.4 


2.2 


2.0 


5.0 


5.1 


4.6 


12.2 






98.1 


100.0 


5.5 


S.9 


{') 


92.2 


100.0 


(3) 


(') 




(') 


5.5 


5.9 


(*) 




72.5 


68.5 


83.3 


5.5 


7.9 


{') 


90.1 


100.0 


70.0 


(?) 




{') 


5.5 


7.9 


(») 




92.0 


91.9 


100.0 


(') 


(') 


0) 


100.0 


100.0 


100.0 






(') 


{') 


{') 


(») 






85.9 


100.0 


1.4 


1.6 


{«) 


98.7 


98.6 


100.0 


1.3 


1.4 


{') 


2.7 


3.0 


(») 




98.3 


98.4 


96.4 


0.7 


0.6 


0.8 


92.7 


92.6 


95.0 


0.8 


0.8 


1.5 


1.5 


1.4 


2.4 


White 




98.3 


96.0 


0.6 


0.5 


0.9 


92.4 


92.4 


94.2 


0.8 


0.8 


1.8 


1.4 


1.3 


. 2.7 


Black 




99.0 


100,0 


0.4 


0.5 


(') 


93.7 


92.3 


100.0 


0.9 


1.1 


{') 


1.3 


1.6 


(3) 




99.2 


99.3 


98.2 


0.7 


0.6 


1.2 


96.5 


96.3 


98.7 


0.8 


0.9 


{') 


1.5 


1.5 


1.2 




100.0 


100.0 


100.0 


1.6 


1.7 


(') 


94.4 


95.4 


72.9 


(') 


(') 


(') 


1.6 


1.7 


(') 




99.1 


99.5 


95.8 


0.0 


0.0 


(«) 


92.3 


91.4 


100.0 


1.6 


1.7 


(») 


1.6 


1.8 





^ Detail wlil not add to total because racial and ethnic categories are not mutually exclusive and total employed Includes other and no report. 

^Includes members of all racial groups. 

^Too few cases to estimate. 

SOURCE: NSF, U.S. Scientist and Engineers: 1980. 

See figures 3-12 and 3-13. 
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Appendix table 3*8. Scientists and engineers as a 
percentage of total U.S. workforce: 1976-88 



Percent 



1976 


2.4 


1978 


2.6 


1980 


2.6 


1982 


2.9 


1984 


3.3 


1986 


3.6 


1988 


4.1 



1988 



Council of Economic 



SOURCES: NSF, U.S. Scientists end Fnglnoers: 

Advisers, CconomteflepoAt o/fftt^Pres/cfenMWashington, DC: Government Print- 
ing OfficeJ989),p.347. 

See figure 3-6. 
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Appendix table 3-9. Number of 1984 and 1985 science 
and engineoring degree recipients working as computer 
speciaiisti: In 1986, by field 



Bachelor's Master's 



Field 1984 1985 1984 1985 



— Number 



Total 


35,600 


41,900 


8,000 


8.800 


Physical sciences 


700 


200 


100 


100 


Mathematics 


3,900 


3,600 


400 


400 


Computer science 


24.200 


29,600 


6,000 


6,800 




3,700 


3,100 


1,200 


1,100 


Environmental sciences . . 


100 


100 


100 


. 100 




400 


400 


1 


100 


Social sciences 


1.900 


4,000 


200 


200 




600 


600 


1 


100 



^Too few cases to report. 

Note: Detail may not add to totals due to rounding. 

Source: NSF, Characteristics of Recent Science and Engineering Graduates: 1986. 
NSF 87-321 (Washington. DC: NSF. 1987). 

See figure 3-15. 
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Appendix table 3-10. Selected employment characteristics of recent S/E bachelor's and master's 

degree recipients, by field and gender: 1986 



Labor force 

participation rate Unempioymen< fate S/E empioyment rate 



Field and gender 


Bachelor's 


Master's 


Bachplor'*; 






iVnaSmr 5 




98.1 


97.9 


3.5 


2.1 


63.Q 


84.3 






99.0 


3.4 


1.7 


69.9 


86.8 


Women 


97 2 


95 2 


3 7 






77 R 






97.3 


3.9 


2.6 


52.6 


78.6 


Man 


no n 


98.9 


4.0 


2.2 


56.1 


81.1 


Women 


97 1 


94.8 


3 9 


3 3 




74 






96.4 


2.0 


1.4 


68.0 


85.7 


Mon 


no 4 


99.2 


2.0 


1.4 


71.6 


85.7 


Women 


95 6 






\ } 




ti\ 
K) 


Chemistry 




97.7 


2.7 


1.3 


75.5 


90.9 


Man 






2.3 




78.6 


(') 


Women 


94 6 


\ 1 


3 1 

W. 1 


(^\ 




i2\ 






{') 


2.4 




80.2 


(«) 






(^) 


2.8 


(?) 


78.8 


(») 


Women 


(2) 




\ } 




\ ) 


1/ 




100.0 




0.2 


(') 


39.1 


(») 






(^) 


0.2 




46.7 


(«) 


Women 




\ 1 


0 1 


\ ) 


OQ 0 


\) 






97.6 


1.9 


1.5 


73.6 


89.7 


Mon 




99.4 


2.3 


1.4 


71.4 


88.9 


Women 


97 7 


94.5 


1 6 


1 


7^ 7 








S8.4 


2.7 


0.4 


89.2 


90.0 


Mon 




99.0 


2.9 


0.3 


88.7 


89.5 


Women 


99 8 


96 6 






AQ Q 


9 1 .0 






98.6 


4.4 


6.1 


60.8 


92.5 






99.6 


4.7 


5.8 


60.9 


93.8 


Women 


97 6 


\ ) 




\ ) 


DU.3 


V) 






97.4 


4.9 


4.2 


56.7 


80.6 






98.8 


3.8 


4.0 


60.7 


82.3 


Women 


94 9 


96 0 


6 1 






7A Q 






97.5 


6.2 


4.0 


51.1 


77.9 






99.6 


4.9 


5.0 


53.1 


76.2 


Women 


94 S 




7 a 




49.0 


7Q 0 






97.2 


2.3 


4.6 


67.8 


85.7 






97.8 


2.4 


2.7 


71.2 


89.8 


Women 


962 








fti Q 


\ I 






96.5 


5.3 


4.4 


26.1 


67.3 








8.4 




28.0 




Women 


94 3 








OR 0 


09.0 






96.0 


4.4 


3.4 


30.5 


55.8 






97.8 


4.4 


2.6 


32.8 


57.8 






94.0 


4.4 


4.4 


27.5 


53.2 




100.0 


94.2 


5.8 


3.5 


39.6 


57.7 




100.0 


94.7 


5.7 


2.7 


37.9 


49.8 






(2) 


6.1 


(') 


43.9 


(') 




96.0 


94.8 


10.9 


4.9 


31.0 


39.6 








10.0 


(') 


33.2 


(') 






95.0 


11.5 


7.0 


29.4 


47.7 
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Appendix table 3-10. (Continued) 



Labor force 

participation rate Unemployment rate S/E employment rate 

Pield and gender Bachelor's Master's Bachelor's Master's Bachelo r's Master's 

Other social sciences 97^2 &7A oii 2^8 isl eoF" 

•^6" 94.9 100.0 1.2 3.1 27.4 68 5 

Women lOo.O 93.7 {') 2.4 19.2 48.9 

Total engineering 99.3 99.0 2.4 1.2 89.1 94 6 

•^6" 99,5 99.1 2.4 1.0 89.3 94^2 

Women 97.7 97.9 1.9 2.8 8B.2 97.6 

Aeronautical/astronautlcal 99.1 {») i.g (z) 86.0 (») 

•^6" 99.0 <8) 2.1 (2) 87.5 (i) 

Women (2) (S) (2) (2j 

Chemical 93.9 99.0 3.2 3.3 85.8 94.ft 

Me" 99.7 98.8 3.4 1.9 86.2 94.7 

Women 96.7 (2) 2.9 (2) 84.8 (2) 

Civil 99.5 98.5 2.3 1.0 92.7 95.5 

i^S" 99.7 99.0 2.5 0.4 92.1 95.7 

Women 97.9 n 1.1 (2) ge.e (2) 

Electrical/electronics 99.1 99.7 2.0 (*) 919 96 8 

fjf'i 99.4 99.7 2.1 (I) 92.2 96.5 

Women 96.2 (2) 1.3 (jj ggg 

•ndustrlal 98.9 99.9 0.4 2.3 87.3 83 3 

f?,^" 100.0 (2) 0.5 (i, 88.8 (2) 

Women 95.2 («) (I) (2) 81.8 (») 

Materials 96.7 (2) 2.2 (») 86.9 («) 

5f,en 96.8 (2) 1.5 (2) 87.6 (aj 

Women (2) (2) (2) ^aj 

Mechanical 100.0 99.7 2.6 1.3 90.3 96.5 

Men 100.0 99.7 2.6 1.4 89.7 96.6 

Women 100.O (2) 2.8 (») 95.6 («) 

Mining 97.5 (2) 5.7 (») 81.8 («) 

M^" 97.0 (2) 6.6 (») 83.7 (a) 

Women (2) (2) (2) ^j, 

Nuclear (2) (2) (2) (a) ^a) m 

^",6" (') (') {') (») (a) 0 

Women (2) (2) (2) (a) (a) (a) 

Petroleum 100.O (2) 8.5 (») 88.3 fi) 

Me" 100.0 (2) 7.2 (*) 90.4 (2) 

Women (2) (2) (?) ^aj 

Other engineering 99.1 97.4 2.2 2.1 81.2 90.4 

Men 99.1 97.7 2.5 2.1 80.8 89.2 

Women 99.5 (2) o.4 (2) 83.8 (2) 

S/E - Science and engineering, 
*No unemployment reported, 

2No rate computod tor groups with less than 1 500 in labor force. 

Note: Combined 1 984/1985 graduates, exclusive of full-time graduate students, 

SOURCE; NSF, Characteristics of Recent Sdence and Engineering Graduates: 1986. NSF 87-321 (Washington. DC: NSF. 1987). 
See figure 3*14. 

Sclsnce i Engineering Indicators— 1989 



254 



272 



Appendix table S-ll. High lochnology 
Recruitment Index: 1961-89 



Index 
(1961 - 100) 

1961 100 

1962 120 

1963 98 

1964 88 

1965 132 

1966 159 

1967 124 

1968 98 

1969 86 

1970 60 

1971 44 

1972 63 

1973 97 

1974 101 

1976 69 

1976 88 

1977 115 

1978 140 

1979 145 

1980 139 

1981 136 

1982 104 

1983 102 

1984 134 

1S85 113 

1986 109 

1987 117 

1988 113 

1989' 103 

^Seconii quarter datii, 

SOiiRGr.3; C -^utsch. Cliea, fid Evans, High Technology Recrultmsnt Index 
yaarr.r,u HeviewaiuiForecasiC.iw/yoTH, 1983); and unpublished data. 
Qss figure 3-1S. 
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Appendix table 3-12. Selected data on stock and flows of the S/E workforce, by occupational 

group or field of degree: 1986 ^ 



Natural scientists* 

Total scientists and engineers, and computer S 3Clal and behavioral 
engineers specialists scientists 



Number Percent Number Percent Number Percent 



Status of 1985 S/E employed 
workers in 1986 



Tctal 19B5 




1 nn n 


0,100 


ion.o 


378 


100.0 


^mnlnvAH In fi/P 




Q1 Q 
91 


Z,o70 


81.7 


354 


93.8 




28 


0.8 


26 


0.8 


3 


D 7 




11 


0.3 


17 


0.5 


1 


1 


Emigrated 


15 


04 


12 


0.4 


4 


1.0 


Enrployed In non-S/E 


132 


3.8 


119 


as 


13 


3.5 




99 


2.8 


89 




10 


2.6 


Source of 1986 S/E employed 














workers 














Total 1986 


3,682 


100.0 


3.275 


100.0 


407 


10O.O 


1985 S/E employed carryover to 












1986 


3,:'29 


87.7 


2.875 


87.8 


354 


87.1 




227 


6.2 


196 


6.0 


31 


7.6 




210 


5.7 


180 


5.5 


30 


7.3 


Foreign clt'^ens 


17 


0.5 


16 


0.5 


1 


0.3 


Re-entrants to S/F. employment . 


172 


4.7 


152 


4.6 


20 


49 


Direct immlgrattun 


30 


0.8 


28 


0.9 


1 


0.3 


Upgraded workers 


24 


24 


0 






Workforce status of S/E graduates 














by broad field of study^ 
















327 


100.0 


225 


100,0 


102 


100.0 


Empluyed In S/E 


210 


64.2 


180 


80.0 


30 


31.6 




101 


30.8 


36 


15.9 


65 


68.4 




10 


3.0 


5 


2.2 


5 


5.3 




6 


20 


4 


2.0 


2 


2.1 



S/E ■ Science and engineering. 

^There was a net reduction of 6 in S/E unemployment. 

^Excluding ^uD-time graduate students. 

Notes : Data rounded to ne&i est thousand ai .d percentages are based on unrounded data. See text footnotes for definitions of methodology 
and caveats. 

SOURCE: NSF, Division of ocience Resources Studies. 
See figure 3-23. 
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Appendix table 3<13. Nonacademic scientists and engineers per 10,000 labor 
force for selected countries, by gender: most current years 







West 




United 






France 


Gemiany 


Japan 


Kingdom 


United States 




(1982) 


(1985) 


(1985) 


(1981) 


(1986) 






Numbers of scientists and engineers 




Sclfifitlfits And AnnlnAArfi 


387,860 


621,500 


1,514,200 


585,190 


3,583,300 


Male 


346,020 


S85,4C0 


1,444,400 


533,380 


3,103,100 




41,840 


36,100 


69,800 


51.810 


480,200 


Scientists 


139,980 


114,100 


389,900 


219,740 


1,393,000 


Male 


107,100 


95,700 


338,400 


173,880 


1,032,200 




32,680 


18,400 


51.500 


45,860 


330,800 




247,880 


507,400 


1,124,300 


365,450 


2.190,400 


Male 


238,920 


489,700 


1,106,000 


359.500 


2,100,600 




8,960 


17,700 


ie,300 


5.950 


89,800 




Scientists and engineers per 10,000 Isbor force 


Scientists and engineers .. 


163 


223 


254 


219 


300 




146 


210 


242 


199 


260 




18 


13 


12 


19 


40 




59 


41 


65 


82 


117 


Male 


45 


34 


57 


65 


86 




14 


7 


9 


17 


30 




104 


182 


189 


137 


183 


Male 


101 


176 


185 


134 


176 




4 


6 


3 


2 


6 




. 23,743,000 


27,844,000 


59,634,000 


26,740,000 


119,540,000 



Notes: The number ot icientlstsand engineers for Prance, WestGermany Japan, andthe United Kingdomareestimates 
prepared by the U.S. Bureau of the Census bc^ed on published and unpublished census arui nun/ey data for the years 
shown. United Kingdom data excludes Northern Ireland. Figures refer to scientists and engineers employed In S/E jobs 
Figures may not sum due to rc jndlng. Data by gender for the United States are estimates. Labo; force data ere from 
theOrganlsation For EconomlcCo^peration and Development; thus, the numberof sctentlstsandengineersper 10,000 
labor force dlffert^ from data pubilshed in the Bureau of the Census reports cited below. 

SOURCESr Figures for WestGermany. Japan, and the United Kingdom are from U.S. Bureau of the Census. Center 
for International Research, "Recent Data on Scientists and Engineers in Industrialized Countries" (Washington. DC, 
1988). Data for France are from P.O. Way and E. Jamison, Scientists and engineers in industrialized Countries 
(Washington. DC: U.S. Bureau of the Census, Center for International Research. 1 936). U.S. figures are from NSF. 
See tigure 3-24. 
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Appendix table 3«14. Scientists and engineers in manufacturing for selected 
countries, by occupation group: most current years 







West 




United 


United 


Occupation 


France 


Germany 


Japan 


Kingdom 


States 


(1982) 


(1985) 


(1980) 


(1981) 


(1986) 




















— Percent— 






Total scientists & engineers . . , 


100.0 


100.0 


100.0 


100.0 


100.0 




22.9 


16.0 


18.1 


27.0 


18.8 




9.2 


12.6 


4.5 


12.3 


9.5 




12.4 


V) 


13.5 


14.1 


9.2 




1.2 


5.4 


NA 


0.6 


0.1 




77.1 


82.0 


61.9 


73.0 


81.2 


Civil 


3.5 


3.2 


1.6 


1.3 


0.9 




20.5 


21.9 


24.5 


12.6 


25.2 


Industrial/mechanical 


53.1 


56.8 


55.9 


59.0 


55.1 



Note: NA> Not available. 



^Systems analysts are included with natural scientists; computer engineers are Inciuded with electrical/electronic 
engineers. 

Notes: Figures for France, West Germany. Japan, and the United Kingdom are estimates prepared by the U.S. Bureau 
of the Census based on published and unpublished census and survey data for the years shown. Unlied Kingdom data 
exclude Northern Ireland ures refer to scientists and englnee rs employed In S/E jobs. Figures may not sum because 
of rounding. 

SOURCES: Figures for West Germany, Japan, and the United Kingdom are from U.S. Bureau of the Census, Center 
for International Research, "Recent Data on Scientists end Engineers In Industrialized Countries" (Washington, DO. 
1988). Date for France are from P.O. Way and E. Jamison. Scientists and Etiglneers In Industrialized Countries 
(Washington, DC: U.S. Bureau of the CensuSt Center for International Research. 1986). U.S. figures are from NSF. 
See figure 3*25. 
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Appendix table 3-15. NofiacadAmlc scientists end engineers in selected countries, by 
sector of employment: most current years 







West 




United 


United 


Sector 


France 


Germany 


Japan 


Kingdom 


States 


(1982) 


(1985) 


(1985) 


(1981) 










Scientists 






























Total 


100 0 


100 0 


100 0 


1 on 0 


100 0 


Anricutturfi 


0 A 


0 P 


MA 


0 ty 

U.D 


0 Q 


Mini no 


9 0 


\ ) 




1 .0 


O.U 


Manufacturina . . . 


14 1 


43 0 




'^1 A 




Construction 


0 5 

W*w 


0 Q 


fl 7 


0 7 
U. r 


0 1 
U. 1 


Wholosfilo and rAtail trarto 






0 1 






TransDortation communication^^ and 










public utilities 


1.5 


2 9 


NA 




0 




41.8 


39.7 


89.3 


45.3 


45.6 




36.8 


7.4 


1.4 


10.1 


24.0 


Another 


NA 


3.7 


NA 


0.1 


NA 








Engineers 












— Percent — 




















100.0 


100.0 


100.0 


100.0 


100.0 




(2) 


0.1 


0.4 


0.1 


0.1 




3.7 


0) 


0.3 


2.0 


2.3 




30.9 


43.9 


30.7 


52.4 


53.1 




7.9 


10.5 


18.2 


9.7 


3.2 


Wholesale and retail trade 


2.6 


1.9 


3.9 


2.4 


2.7 


Transportation, communications,, 














7.0 


10.1 


5.3 


10.7 


5.4 




20.9 


21.0 


37.3 


17.0 


20.9 




26.9 


12.0 


3.9 


5.7 


12.3 


All other 


NA 


0.5 


NA 


0.0 


NA 



^Data for mining are incfuded under transportation, communications, and public utilities. 
^Less than 0.05 percent. 

Notes: Figures for Prance, West Germany, Japan, and the United Kingdom are estimates prepared by the U.S. Bureau of the 
Census based on published and unpublished census and survey data for the years shown. United Kingdom data exclude Northern 
Ireland. Figures refer to scientists and engineers employed in science and engineering Jobs. 

SOURCES: Figures for West Gen .lany, Japan, and the United Kingdom are from U.S. Bureau of the Census . Center for I ntemationat 
Research. "Receni Data on Scientists and Engineers in Industrialized Countries" (Washington. DC, 1988). Data for France are 
from P.O. Way and E. Jamison, Scientists and Engineers in industrialized Countries (Washington, DC; U.S. Bureau of the Census, 
Center for International Research, 1985). U.S. figures are from NSF. 

See figure 3-26. 
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Appi «dix table 3*16. Scientists and engineers engaged in R&D 
for selected countries: 1965'67 

West United United 





France 


Germany 


Japan 


Kingdom 


States 


■ 'V 








- Thousands — 










42 a 


61 0 


117.6 


49 9 


494.6 




1966 


60.0 


60.0 


128.9 


NA 


521.1 


"'Y 


1967 


52.4 


64.5 


138.7 


NA 


534.4 




1968 


54 7 


68 0 


1576 


52.3 


550.4 


■ t, : ' 


1969 


57 2 


74 9 


157.1 


NA 


553.2 




1970 


58.5 


82.5 


172.0 


NA 


544.2 




1971 


60.1 


90.2 


194.3 


NA 


523.8 




1972 


61.2 


96.0 


198.1 


76.7 


515.3 




1973 


62.7 


101.0 


226.6 


NA 


514.8 




1974 


64.1 


102.5 


238.2 


NA 


520.8 




1975 


65.3 


103.7 


255.2 


80.5 


527.7 




1976 


67.0 


104.5 


260.2 


NA 


535.6 




1977 


68.0 


111.0 


272.0 


NA 


561.0 




1978 


70.9 


113.9 


273.1 


87.7 


''87.0 




1979 


72.9 


116.9 


281.9 


NA 


6.4.8 








120.7 


302.6 


NA 


651.7 




1981 


85.5 


124.7 


317.5 


95.7 


683.7 




1982 


90.1 


127.7 


329.7 


NA 


702.8 




1983 


92.7 


130.6 


342.2 


94.1 


722.9 




1984 


98.2 


137.1 


370.0 


96.3 


746.3 




^985 


102.3 


143.6 


361.3 


98.0 


772.5 




' 86 


105.1 


146.6 


405.6 


98.7 


802.3 


.'it- 


,987 


108.2 


151.5 


418.3 


NA 


NA 





NA m Not available. 

Notes: Table includes ali scientists and engineers engaqed In R&D on a f uil-time basis except (1 ) Japan, whose data 
include persons primartiy employed in R&D In the r atural sciences and engineering; end (2) the United Kingdom, whose 
data include only thi^government and Industry sectors. The! igures for WestGermany increased In 1 979 In part because 
of Increased coverage of small and medium enterprises not surveyed In 1 977; data starting with 1979 were revised in 
1 988 using improved methodologies. The figuresfor rrance Increased In 1 981 In part du^ toa re-evaiuatlonof university 
research efforts. Data are estimated by NSF for the following countries and years: France, 1986 and 1987; West 
Germany, 1976, 1980, 1982, 1984, 1986. and 1987; United Kingdom, 1984. 

SOURCr-S: NSF; Organization for Economic Co-operation and Devetopment; and national data. 

See figure 3-27. 
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Appendix table 3«17. Nonacademic scientists and engineers in selected countrleSi 

by age group: most current years 



West United United 

Franco Germany Japan Kingdom States 



Age group (1 982) (1 985) (1 985) ( 1 981 ) (1 986) 



_ Pq^^ 

Total 100.0 100.0 100.0 lOO.O 100.0 

Under 35 years of age 30.0 30.3 48.5 47.3 32.9 

35-54 58.0 56.0 44.9 41 .0 49.0 

Over 55 12.0 13.6 6.7 11.8 18.1 



Notes: Figures for France, West Germany, Japan, and the United Kingdom are estimates prepared by the U.S. Bureau 
of the Census based on publibhed and unpublished census and survey data for the years shown. United Kingdom data 
e^dude Northern Ireland Figure^ refer to scientists and engineers employed in S/E jobs . Figures may not sum because 
of rounding. U.S. data a; 3 for academic and nonacademic scientists and engineers, ano exclude those respondents for 
whom no age was reported. 

SOURCES: Figures for West Germany, Japan, and f ^ United Kingdom are from U.S. Bureau of the Census. Center 
for Internationa' Research, "Recent Data on Scientists and Engineers in Industrlaiizod Countries" (Washington, DC, 
1988). Data for France are from P.O. Way and E. Jamison, Sclontlats and Engineers in industrialized Countries 
(Washington, DC: U.S. Bureau of the Censut;, Center for International Research. 1986). U.S. figures are from NSR 
See figure 3-28. 
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Appendix table 3-18. First university degrees for selected countrlesi 
by major field of study: 1986 



West United Unned 

France' Gehiiany Japan Kingdom States 

Number of degrees 



All fields 52.728 63.866 376.260 72.000 1 ,074.785 

Natural science and engineering 25,043 21 ,584 99,666 29.1 00 21 3,971 

Naturalsclence 11,321 10.766 12,814 17,500 122,170 

Engineering 13.722 8.^77 73,316 10,300 77,061 

Agriculture (2) 2,34 1 13,530 1,300 14.740 

All others 27.685 42.28? 276.592 42.900 860,814 

Percentage distribution among fields 

All fields 100.0 100 0 100.0 100.0 100.0 

Natural science and engineering 47.5 33.8 26.5 40.4 19.9 

Naturalsclence 21.5 16.9 3.4 24.3 11.4 

Engineering 26.0 13.3 19.5 14.3 7.2 

Agriculture (2) 3.7 3.6 1.8 1.4 

All others 52.5 66.2 73.5 59.6 80.1 

As a proportion of the 22-year-old population 

All fields 6.1 5.9 22.6 7.4 25.9 

Natural science and engineering 2.9 2.0 6.0 3.0 5.2 

Naturalsclence 1.3 1.0 0.8 1.8 2.^ 

Engineering 1,6 0.8 4.4 1.1 1.9 

Agriculture (2) 0.2 0.8 0.1 0.4 

All others 3.2 3.9 16.6 4.4 20.7 

22-yoar-old population 871.000 1.088,000 1,668,000 975,000 4,152,000 



^Oata ror France are based on maltrise degrees and engineering degrees. French engineering degrees are equivalent 
to U.S. m^^ster'Q degrees. 

^Included in natural sciences. 

Note: Natural sciences include physical sciences, biological sciences, and luatliematics. 

SOURCES: U.S. data are from NSF; Japanese, Ministry of Education; West German, Statistlsches Bundesami; U.K., 
University Grants Committee; and French, Ministry of Education. 

Sue figure 0-7 in Overview. 
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Appendix table 3*19. Scientists and engineers engaged in R&D per 10,000 iabor force and totai labor force 

for selected countries: 1965-86 



Scientists and engineers engaged in R&D per 10,000 labor force 



Labor force 



France 



West 
Germany 



Japan 



1965 

1966 

1967 

1968. 

1969, 



21.0 
29.2 
25.3 
26.2 
27.1 



1970 27.3 

1971 27.9 

1972 28.2 

1973 28.5 

1974 28.8 

1975 29.2 

1976 29.6 

1977 29.7 

1978 30.7 

1979 31.4 

1980 32.1 

1981 36,3 

1982 37.9 

1983 39.1 

1984 41.1 

1985 42.3 

1986 43.8 



22.6 
22.3 
24.4 
25.9 
28.2 

riO.8 
33.4 
S5.6 
37.1 
37.8 

38.6 
39.2 
41.8 
42.7 
43.4 

44.3 
45.5 
46.4 
47.4 
49.6 

51.6 
52.3 



• Percent ■ 
, 24.6 

26.4 

27.8 

31.1 

30.8 

33.4 
37.5 
38.1 
42.5 
44.9 

47.9 
4d.4 
49.9 
4^.4 

Uw. . 

53.6 
55.6 
57.1 
58.1 
62.4 

63.9 
67.4 



United 


United 




West 




UnK^ 


United ,3- 


Kingdom 


States 


France 


Germany 


Japan 


Kingdom 


States 


19.6 














64.7 


20.365 


27 034 


*»f |0f u 


on AQQ 




NA 


NA 


20,534 


26,962 


48,910 


25,632 


77,892 


NA 


NA 


20,678 


26,409 


49,830 


25,490 


79,565 ■ 


20.8 


67.9 


20,861 


26,291 


50,610 


25,378 


80,990 


NA 


66.6 


21,095 


26,535 


50,980 


25,375 


82,972 


NA 


64.1 


21,415 


26,817 


51,530 


25,308 


84,889 ^ - 


NA 


60.6 


21,578 


27,002 


51,860 


25,207 


86,355 


30.4 


58.0 


21,738 


26,990 


52,000 


25,264 


88,847 -.- A 


NA 


56.4 


22,022 


27,195 


53,260 


25,612 


91,203 ' " 


NA 


55.6 


22,260 


27,147 


53,100 


25,659 


93,670 a 


31.1 


55.3 


22,353 


26,884 


53,230 


25,893 


95,453 


NA 


54.7 


22,605 


26,651 


53,780 


26,111 


97,826 


NA 


55.7 


22,910 


26,577 


54,520 


26,224 


100,665 


33.3 


56.5 


23,062 


26,692 


55,320 


26,357 


103,882 .T>v 


NA 


57.7 


23,243 


26,923 


55,960 


26,628 


106,559 


NA 


6C.0 


23,369 


27,217 


56,500 


26,840 


108,544 


35.8 


61.9 


23,530 


27,416 


57,070 


26,740 


110,315 


NA 


62.8 


23,743 


27,542 


57,740 


26,678 


111,872 


35.4 


63.8 


23,714 


27,589 


58,890 


26,594 


113,226 


35.5 


64.7 


23,867 


27,629 


59,270 


27,090 


115,241 


35.5 


65.9 


23,902 


27,844 


59,634 


27,624 


117,167 


35.5 


66.2 


24,009 


28,024 


60,200 


27,771 


119,540 



NA« Not available. 

Notes: Table Includes all scientists and engineers engaged in R&D on a fuMlme esuivalent basis except Japan, whose data Include persons primarily employed In MD In 
?h?fSu«e?«f f ^"f !°" '"'^""^ '"'^ engineering faculty. The United Kingdom data Include only the government and industry sectors. 

The figures for West Germany Increased In 1 979 partially because of Increased coverage of small medium enterprises not surveyed in 1 977; starting with 1 979, data were 
•t .Sin ""P'oved methodologies. The figures for France increased in 1 981 In part ..ue to a re-evaluatlon of university research efforts. Data are NSF estimates 

■or the following countnes and years: France. 1986 and 1907; West Germany, 1978, 1980, 1982, 1984 1986. and 1987; United Kingdom. 1984. 
SOURCES: NSF; Organization for Economic Co-operation and Dfeifolopment; and national data. 
See (igure 0*6 in Overview. 
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Appendix tablo 4-1. GNP ImpUcIt price deflators and GNP: 1960-90 



GNP Implicit price deflators GNP 





Calendar year 


Fiscal year 


Calendar year 


Fiscal year 










—Billions of dollars— 


'it. 




A QAQC 


O.J 1 1 1 


515.3 


507.8 






f\ Q1 OA 


0.3144 


533.8 


519.0 




i QfiO 


f\ Q1 Oil 


0.J2DD 


574.7 


556.7 






n OOilA 


0.9200 


606.9 


588.6 




i OCA 




O.JJUD 


649.8 


629.4 






A QQ70 


O.OJ'9 


705.1 


673.6 






A Qilflfi 


0.(54^4 


772.0 


740,5 


- 


1 QR7 


A QCQii 


O.JdgJ 


616.4 


793.6 


. . . 




A Q77Q 


O.Jf 19 


892.7 


852.4 


• -'V 




A QQ70 


A Qfl^A 

O.Js^u 


964.0 


929.5 






A vlOHQ 


A A^AO 

0.«» l4o 


H A4 C C 

1 ,0lD.O 


AAA C 

990. D 






A ^lilOQ 


A >1QCA 

0.4jbu 


1.102.7 


1,057.1 




1972 


0.4649 


0.4606 


1,212.8 


1,151.2 








0.4835 


1,359.3 


1,285.5 




1974 


0.5396 


0.5216 


1 ,47?.8 


1,417,0 




1975 


0.5931 


0.S7S2 


1,598.4 


1,523.5 




1976 


0.6307 


0.6208 


1,782.8 


1,699.6 




1977 


0.6728 


0.6703 


1,990.5 


1,935.8 




1978 


0.7222 


0.7172 


2,249.7 


2,173.4 




1979 


0.7857 


0.7790 


2,508.2 


2,452.2 




1980 


0.8572 


0,8474 


2,732.0 


2,667.7 




1981 


0.9396 


0.9321 


3,052.6 


2,986.2 




1982 


1.0000 


1.0000 


3,166.0 


3,141,5 




1983 


1.0386 


1.0423 


3,405.7 


3,322.4 




1984 


1.0773 


1.0819 


3,772.2 


3,695.7 




1985 


1.1095 


1.1153 


4,014.9 


3,950.9 




1986 


1.1393 


1.1458 


4,240.3 


4,191,1 


■ ( 


1987 


1.1767 


1.1824 


4,526.7 


4,437.2 




1988 


1.2120 


1.2173 


4,826.4 


4,740.4 




1989 


1.2589 


1.2638 


5,170.2 


5,071.8 








1.3095 


5,531.7 


5,429.0 





NotetCalendaryeardeflatoi^ were taken directly fromdourcascited below. Fiscalyeardefi^^^^ 
from quarterly data in the same sources. 

SOURCES: NSF, Division of Science Resources Studies: U.S. Depalment of Commerce, 5. . ey of Current 
Business and Cononoerce News; Executive Office of the President, Office of Management and Budget. 
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Appendix table 4-2. R&D, by performer and source: 1960-89 

Industry^ Universities and colleges 



Nonprofit Institutions^ 



Universities 
and 

Total rederal Total Federal Industry Total Federal Industry colleg es Nonprofits FFRDCs^ Total Federal Indus try Nonprofits 

Millions of current dollars — 1 

149 52 360 282 166 48 68 

16f) 58 410 361 226 49 86 

185 6e 470 458 295 54 109 

207 73 530 539 365 55 119 

235 83 629 600 433 55 112 

267 93 629 663 477 62 124 

304 108 630 733 525 70 138 

345 119 673 771 552 74 145 

390 131 719 814 582 81 151 

420 145 725 870 616 93 161 

461 165 737 916 649 95 172 

529 177 716 912 630 98 184 

574 187 753 952 653 101 198 

613 202 817 1,006 690 105 211 

677 218 865 1,178 822 115 241 

749 259 987 1,276 875 125 276 

810 284 1,147 1.376 925 135 316 

888 314 1,384 1,495 987 150 358 

1,037 359 1,717 1,672 1,100 165 407 

1,198 374 1,935 1,994 1,350 180 464 

1,326 401 2,246 2,150 1,450 200 500 

1,555 436 2,486 2,300 1,550 225 525 

1,735 491 2,479 2,425 1,650 250 525 

1,936 579 2,737 2,675 1,850 275 550 

2,107 617 3,118 3,010 2.100 325 585 

107,767 12.945 78,269 26,830 51,439 9,694 6,064 559 2,377 694 3,529 3.320 2,300 360 660 

112,497 13,535 80,631 27,783 52,848 10.926 6,713 692 2,789 732 3,900 3,505 2^00 410 695 

118,782 13,413 85,500 30,000 55,500 12.082 7.326 777 3,145 834 4.202 3,585 2 350 445 790 

126,115 14,500 90,600 31,500 59,100 13,000 7,800 850 3.470 880 4.400 3,615 2 300 480 835 

132,350 14.750 95,350 32.750 62,600 13,900 8,250 920 3,800 930 4,650 3,700 2!300 515 885 



4 o coo 


4 70C 

1,726 


10,509 


6.081 


4,428 


646 


405 


40 


4 A 04C 


1,874 


10,908 


6,i:40 


4,668 


763 


500 


40 




o f\no 
2,098 


11,464 


6,435 


5,029 


904 


613 


40 


17,059 


2,279 


12 630 


7 370 


w,OOU 


1 ,U01 




4i 


18,854 


2,838 


13,512 


7,720 


5,792 


1,275 


917 


40 




O flAO 


AAA OC 

14,185 


7,740 


6,445 


1,474 


1,073 


41 


04 o>ie 


O OOf\ 


4 C CilO 

15,548 


O AAA 

8,332 


7,216 


1,715 


1,261 


42 


OQ i Ad 


o one 


16,385 


8,365 


8,020 


1,921 


1,409 


48 


24 605 






0,wOU 


o,oo9 


2,149 


1,573 


55 


25,631 


3,503 


18,308 


8,451 


9,857 


2,225 


1,600 


60 


26,134 


4.079 


18,067 


7.779 


10,288 


2,335 


1,648 


61 


26,676 


4,228 


18,320 


7,6G6 


10,654 


2,500 


1,724 


70 


28,477 


4,590 


19,552 


8,017 


11,535 


2,630 


1,795 


74 


30,718 


4,762 


21.249 


0,145 


13,104 


2,884 


1,985 


84 


32,864 


4,911 


22,887 


8,220 


14.667 


3,023 


2,032 


96 


35,213 


5,354 


24,187 


8,605 


15,582 


3,409 


2,286 


113 


39,018 


5,769 


26,997 


9,561 


17,436 


3,729 


2,512 


123 


42 783 


6,012 


29,825 


10,485 


19,340 


4,067 


2,726 


139 


48,129 


6,811 


33,304 


11,189 


22,115 


4,625 


3,059 


170 


54,933 


7,417 


38,226 


12,518 


25,708 


5,361 


3,595 


194 


62,594 


7,632 


44,505 


14.029 


30,476 


6,061 


4,096 


238 


71,866 


8,425 


61,810 


16,382 


3F,428 


6,845 


4,561 


293 


79,364 


9,141 


57,995 


18,483 


39,512 


7,324 


4,759 


339 


87,280 


10,582 


63,403 


20,542 


42,861 


7,883 


4,980 


388 


97.793 


11,572 


71,470 


23,162 


46,308 


8,623 


5,425 


474 
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Appendix table 4-2. (Continued) 



Industry^ 



Universities and colieges 



Nonprofit lnstitutions2. 



Total FederaP Total Federal Industry Total Federal Industry 



Universities 
and 
colleges 



Nonprofits FFRDCs^ Total Federal Industry Nonprofits 



> Millions of constant 1 982 dollars^ • 



43,693 


5,577 


33,955 


19,648 


14,307 


2,087 


1,309 


129 


481 


168 


1,103 


911 


536 


155 


220 


45,826 


5,999 


34,917 


19,974 


14,942 


2,442 


1,601 


128 


528 


186 


1,312 


1,156 


723 


157 


275 


48.197 


6,569 


35,892 


20,147 


15,745 


2,830 


1,919 


125 


579 


207 


1,472 


1,434 


924 


169 


341 


52,651 


7,034 


38,981 


22,438 


16,543 


3,336 


2.346 


127 


639 


225 


1,636 


1,664 


1,127 


170 


367 


57.255 


8,61 S 


41,032 


23,444 


17,589 


3,872 


2,785 


121 


714 


252 


1,910 


1,822 


1,315 


167 


340 


59,337 


9,156 


41,992 


22,913 


19.079 


4,nS4 


3,176 


121 


790 


275 


1,862 


1,963 


1,412 


184 


367 


62,489 


9,211 


44,474 


23,833 


20,641 


4,906 


3,607 


120 


870 


309 


1,802 


2,097 


1,502 


200 


395 


64,402 


9,449 


45,590 


23,275 


22,315 


5,345 


3,920 


134 


960 


331 


1,873 


2,145 


1,536 


206 


403 


65,213 


9,261 


46,194 


22,688 


23,506 


5,696 


4,169 


146 


1,034 


347 


1,906 


2,157 


1,543 


215 


400 


64,432 


8,806 


46,023 


21,244 


24,779 


5,593 


4,022 


151 


1,056 


365 


1,823 


2,187 


1,549 


234 


405 


62,179 


9,705 


42,986 


18,508 


24,478 


5,556 


3.921 


145 


1,097 


393 


1,754 


2,179 


1,544 


226 


.109 


60,108 


9,527 


41,280 


17,274 


24,006 


5,633 


3,885 


158 


1,192 


399 


1,613 


2,055 


-.,420 


221 


415 


61,254 


9,873 


42,056 


17.245 


24,812 


5,657 


3,861 


159 


1,235 


402 


1,620 


2,048 


1,405 


217 


426 


62,006 


9,612 


42,893 


16,441 


26,451 


5,622 


4,007 


170 


1,237 


408 


1,649 


2,031 


1,393 


212 


426 


60.904 


9,101 


42,415 


15,234 


27,181 


5,602 


3,766 


178 


1,255 


404 


1,603 


2,183 


1,523 


213 


447 


59,371 


9,027 


40,781 


14,509 


26.272 


5,748 


3,858 


191 


1.263 


437 


1,664 


2,151 


1,475 


211 


465 


61,865 


9,147 


42,805 


15,159 


27,ft45 


5,912 


3,983 


195 


1,284 


450 


1,819 


2,182 


1,467 


214 


501 


63.589 


8,936 


44,330 


15,584 


28,74b 


6,045 


4,052 


207 


1,320 


467 


2,057 


2,222 


1,467 


223 


532 


66,642 


9,431 


46,115 


15.4S3 


30,622 


6,404 


4,236 


235 


1,436 


497 


2,377 


2,315 


1.523 


228 


564 


69,916 


9,440 


48.652 


15,932 


32,720 


6,823 


4,576 


247 


1,525 


476 


2,4fl3 


2,538 


1,718 


229 


591 


73,021 


8.903 


51.919 


16,366 


35,553 


7,071 


4,778 


278 


1.547 


468 


2,620 


2,508 


1.692 


233 


583 


76,486 


8,967 


55,140 


17,435 


37,705 


7,285 


4,854 


312 


1,655 


464 


2,646 


2,448 


1,650 


239 


559 


79,364 


9,141 


57,995 


18,483 


39,512 


7.324 


4,759 


339 


1.735 


491 


2,479 


2,425 


1,650 


250 


525 


84,036 


10,189 


61,047 


19,779 


41,268 


7,590 


4,795 


374 


1,864 


557 


2,635 


2,576 


1,781 


265 


530 


90,776 


10,742 


66,342 


21,500 


44,842 


8,004 


5,036 


440 


1,956 


573 


2,094 


2,794 


1,949 


302 


543 


97,122 


11,667 


70,544 


24,182 


46,362 


8,737 


5,466 


504 


2,142 


626 


3,181 


2,992 


2,073 


324 


595 


98,742 


1 1 ,880 


70,772 


24,386 


46.386 


9,590 


5,892 


607 


2,448 


642 


3.423 


3.076 


2,107 


360 


610 


00,945 


11,399 


72,661 


25,495 


47,166 


10,268 


6,226 


660 


2,S73 


709 


3,571 


3.047 


1.997 


378 


671 


04,055 


11,964 


74,752 


25,990 


48,762 


10,726 


6.436 


701 


2,863 


726 


3,630 


2.983 


1,898 


396 


689 


05,131 


11,717 


75.741 


26,015 


49,726 


11,041 


6,553 


731 


3,019 


739 


3,694 


2,939 


1,827 


409 


703 



^Total funds used by Federal Government from Federal sources. 

^Expenditures In federally funded research and development centers (FFRDC) administered by Industry or nonprofit Institutions are included in the totals for the respective sector. 
^FFRDCs administered by universities and colleges and by university consortia. 

^See appendix table 4-1 for GNP implicit price deflators used to convert currertt dollars to constant 1982 dollars. Cuiront dollars will differ slightly from source document. 

Note: Data based on annual reports by performers; except for the nonprofit sector, for which data are estimated. 

SOURCES: NSF. Natfonaf Patterns of R&D Resources: 1989. NSF 69-308 (Washington. DC: NSF, 1989); and unpubllsiiod tabulations. 

See figures 4-1 and 4-2, figure 0-1 9 in Overview, and text table 4-1 . 
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Appendix table 4-3. National expenditures for development, by performer and source: 1960-89 



Industry^ Universities and colleges Nonprofit institutions^ 



Universities 
and 

Total FederaP Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs^ Total Federal Industry Nonprofits 



Millions of current dollars — — — 



n one 


971 


8,104 


5,169 


2,935 


34 


18 


3 


11 


2 


141 


56 


36 


10 


10 


9iOD0 


1,034 


8,536 


5»347 


3,189 


35 


20 


2 


11 


2 


160 


85 


61 


10 


14 


10 005 


1 14S 


8 527 


5 281 






CO 


c 




o 
c 


179 


44 A 
114 


oe 
00 


4 4 
11 


4 A 

18 


11,352 


1,309 


9,651 


6,116 


3,535 


40 


22 


2 


14 


2 


201 


151 


120 


11 


20 


12,437 


1,621 


10,363 


6,515 


3,348 


40 


22 


2 


14 


2 


236 


177 


148 


11 


18 


lOi lOU 


i,/o9 


10,930 


C C4 cS 

6,016 


A ii 4 n 

4,419 


57 


A^ 

37 


2 


15 


3 


217 


202 


170 


12 


20 




1,000 


4 fs no 4 

12,0oT 




A no 4 

4,3B1 


A A 

84 


59 


2 


18 


5 


196 


232 


195 


14 


23 


15,310 


1,934 


12,841 


7 097 


5,744 


90 




o 


on 


c 

9 






ono 
2U2 


* c 
10 


^4 


16.178 


1.952 


13>663 


7,337 


6,326 


96 


68 


3 


17 


8 


212 


255 


213 


16 


26 


16,874 


1.857 


14,403 


7,276 


7,127 


107 


75 


5 


17 


10 


240 


267 


221 


18 


28 


4 C QCC 
1 D,OD0 


^,1 70 


4 A Ti'SQ 
14,VdO 


0,072 


7,466 


112 


A A 

84 


5 


13 


10 


252 


288 


240 


18 


30 






14,010 


D,00o 


7,707 


4 4 A 

112 


A A 

63 


5 


14 


10 


246 


252 


200 


19 


33 












OA 


00 


si 


19 


7 


288 


A^ A 

242 


4 AA 

188 


19 


35 


20,175 


2,674 


16,793 


7,020 


9,773 


118 


70 


4 


33 


11 


294 


296 


238 


20 


36 


21,331 


2,641 


17,900 


7,032 


10,868 


133 


71 


6 


42 


14 


297 


360 


297 


21 


42 


22,663 


2,890 


18,887 


7,318 


11,569 


148 


78 


7 


47 


16 


335 


403 


330 


22 


51 


24,905 


2,890 


21,086 


8,176 


12,890 


164 


87 


9 


52 


16 


371 


414 


330 


23 


61 


27,397 


3,054 


23,278 


6,950 


14,326 


200 


112 


14 


58 


16 


413 


452 


352 


27 


73 


30,736 


3,590 


25,969 


9,509 


16,460 


236 


122 


15 


78 


21 


444 


497 


380 


30 


87 


35,149 


3,936 


29,843 


10,698 


19,145 


284 


160 


16 


85 


23 


482 


604 


470 


35 


99 


40,287 


3,966 


34,7:. 


11.839 


22,891 


342 


209 


16 


90 


27 


584 


665 


520 


40 


105 


45,592 


4,391 


39.497 


13,741 


25 756 


388 


225 


21 


111 


31 


621 


695 


540 


45 


110 


50,643 


4,947 


43,940 


15,153 


28,787 


423 


235 


25 


127 


36 


538 


745 


575 


50 


120 


55,568 


5,872 


47,746 


16,465 


31,281 


443 


245 


26 


132 


40 


652 


855 


670 


55 


130 


63,128 


6,808 


53,967 


18,509 


35,458 


488 


270 


32 


144 


42 


815 


1,050 


850 


65 


135 


69,469 


7,889 


58,732 


21,073 


37,659 


586 


320 


41 


174 


51 


1,027 


1,235 


1,000 


75 


160 


74,101 


8,375 


62,452 


23,574 


38,878 


715 


380 


55 


222 


5B 


1,189 


1.370 


1,100 


90 


180 


77,839 


7,975 


66,500 


25,600 


40,900 


767 


400 


60 


243 


64 


1,292 


1,305 


1,000 


95 


210 


82,700 


8,880 


70,450 


26,900 


43,550 


620 


420 


65 


265 


70 


1,330 


1,220 


900 


100 


220 


86,480 


8,980 


74.000 


27,900 


46,100 


870 


440 


70 


290 


70 


1,400 


1,230 


900 


105 


225 
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Appendix table 4»3. (Continued) 



Industry^ Universities and colleges Nonprofit institutions^ 



Universities 
and 

Total FederaP Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs^ Total Federal Industry Nonprofits 



Millions of constant 1982 dollars^ 



IQfiO 


29,913 


%'?,121 


26.050 


16,615 


9,434 


109 


58 


10 


35 


6 


453 


180 


116 


32 


32 


1961 


31 330 


3,?89 


27,150 


17,007 


10,143 


111 


64 


6 


35 


6 


509 


270 


194 


32 


45 


1 QM 


31,266 


3,578 


26,647 


16,503 


10,144 


125 


72 


6 


41 


6 


559 


356 


266 


34 


56 


1 963 


34,843 


4,018 


29,622 


18,772 


10,850 


123 


68 


6 


43 


6 


617 


463 


368 


34 


61 


1964 


37,631 


4,905 


31,356 


19.713 


11,643 


121 


67 


6 


42 


6 


714 


536 


448 


33 


54 


1965 


38 963 


5,153 


32,400 


19,307 


13,093 


169 


110 


6 


44 


9 


643 


599 


504 


36 


59 


1 966 


41,540 


5,291 


34,775 


20,495 


14,280 


242 


170 


6 


52 


14 


564 


668 


561 


40 


66 


1967 


42,611 


5,383 


35,739 


19,752 


15,987 


250 


175 


6 


56 


14 


568 


671 


562 


42 


67 


19P8 


43,501 


5,249 


36,738 


19,728 


17,010 


258 


183 


c 


46 


22 


570 


686 


573 


43 


70 




43.n4ti 


4,737 


36,742 


18,561 


18,181 


273 


191 


13 


43 


26 


612 


681 


664 


46 


71 


1 970 


40,658 


5,243 


33,843 


15,844 


17,999 


270 


203 


12 


31 


24 


608 


694 


579 


43 


72 


1971 


39,544 


5,360 


32,787 


15,021 


17,767 


257 


190 


11 


32 


23 


563 


577 


458 


44 


76 


1972 


40,521 


5,656 


33.532 


15.056 


18,476 


182 


119 


7 


41 


15 


625 


525 


408 


41 


76 


1973 


41,727 


5,531 


34,732 


14,519 


20,213 


244 


145 


8 


68 


23 


608 


612 


492 


41 


79 




40,895 


5,063 


34,317 


13,482 


20,836 


255 


136 


12 


81 


27 


569 


690 


569 


40 


81 


1975 


39,400 


5,024 


32,836 


12,723 


20,113 


257 


136 


12 


82 


28 


582 


701 


574 


38 


89 


1976 


40,118 


4,655 


33,934 


13,170 


20,764 


264 


140 


14 


84 


26 


598 


667 


532 


37 


96 


1977 


40,873 


4,556 


34,728 


13,352 


21,376 


298 


167 


21 


87 


24 


616 


674 


525 


40 


109 


1978 


, 42,856 


5,006 


36,209 


13,259 


22,950 


329 


170 


21 


109 


29 


619 


693 


530 


42 


121 


1979 


45.121 


5,053 


38,309 


13,733 


24,576 


365 


205 


21 


109 


30 


619 


775 


603 


45 


127 


1980 


47,542 


4,680 


40,984 


13,971 


27,013 


404 


247 


19 


106 


92 


689 


785 


614 


47 


124 






4,711 


42,374 


14,742 


27,632 


416 


241 


23 


119 


33 


666 


746 


579 


48 


118 


1982 


50,643 


4,947 


43,940 


15,153 


28,787 


423 


235 


25 


127 


36 


588 


745 


575 


50 


120 


1983 


53,313 


5,634 


45,808 


15,797 


30,01? 


425 


235 


25 


127 


38 


626 


820 


643 


53 


125 


1984 


58,349 


6,293 


49,882 


17,108 


32,774 


451 


250 


30 


133 


39 


753 


971 


786 


60 


125 


1985 


62,287 


7.073 


52,' J 


18,894 


33,766 


525 


287 


37 


156 


46 


921 


1,107 


697 


67 


143 


1986 


64,672 


7,309 


54,505 


20,574 


33,931 


624 


332 


18 


194 


51 


1,038 


1,196 


960 


79 


157 


1987(prel.) 


65,831 


6,745 


56,242 


21.651 


34,591 


649 


338 


61 


206 


54 


1,093 


1,104 


846 


80 


178 




67,937 


7,295 


57,874 


22,098 


35,776 


674 


345 


53 


218 


58 


1,093 


1,002 


739 


82 


181 


1989 (est.) 


68,429 


7,106 


58,554 


22,076 


36,477 


688 


348 


55 


229 


55 


1,108 


973 


712 


83 


178 



^Total funds us9d b/ Federal Government from Federal sources. 

^Expenditures In federally funded research Bva development centers (FFRDC) administered by industry or nonprofit institutions are included in the totais for the respective sector. 
^FFRDCs administered by universities and colleges and by university consortia. 

^See appendix table 4>1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. Current dollars will differ slightly from source document. 

Ncte: Data based on annual reports by performers except for the nonprofit sector, for which data are estimated. 

SOURCES: NSF. National Pattoms of R&O Resources: 1989. NSF 89-308 (Washington, 00: NSR 1989); and unpublished tabulations. 

See figures 4^1 and 4-2 and 0*4 in Overview. 
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Appendix table 4*4. National expenditures for applied research, by performer and source: 1960-89 



Industry^ Universities and colleges Nonprofitlnstitutions^ 



Universities 
and 

Total Federar Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs^ Total Federal Industry Nonprofits 

















Millions of current dollars 














1960 




595 


2,029 


833 


1,196 


179 


88 13 66 


12 


122 




fin 


1 1 


CO 


1961 




634 


1,977 


812 


1,165 


192 


98 


13 


69 


12 


1 ^5 


127 


1 w 


1 1 


WW 






702 


2,449 


1,011 


1,438 


205 


109 


13 


70 


13 




1Sd 


on 


1Q 


■fw 






715 


2,457 


1,007 


1,450 


227 


128 


14 


72 


13 


170 


I?*? 


1 Uw 


1Q 




1964 




903 


2,600 


1,040 


1,560 


232 


127 


14 


77 


14 


202 


191 


125 


19 


47 


1965 




990 


2,658 


1,038 


1,620 


279 


157 


13 


88 


21 


204 


20S 


1 WW 


91 

b 1 


52 

Wb 


1966 




997 


2,843 


1,039 


1,804 


328 


194 


13 


89 


32 


207 


226 


1 •tw 


2d 

b*t 


^7 

Wr 


1967 




1,027 


2,915 


1,066 


1,649 


374 




10 


102 


36 


219 


245 

b"TW 


160 


25 

bW 


60 

WW 


1968 




1,110 


3,124 


1,043 


2,081 


404 


254 


16 


97 


37 


231 


262 


172 

1 r b 


26 

bW 


62 

Wb 


1969 




1,114 


3,287 


1,015 


2,272 


407 


246 


16 


105 


40 


210 


298 


200 


32 


66 


1970 




1,327 


3,427 


1,049 


2,378 


427 


268 


16 


98 


45 


216 


323 


990 

bbW 


93 

WW 


70 


1971 




1,302 


3,415 


974 


2,441 


474 


292 


19 


115 


48 


210 


338 

www 


230 

bWw 


w"t 


74 


1972 


5,984 


1,360 


3,514 


952 


2,562 


524. 




i Q 

10 


140 


46 


221 


365 


251 


35 

WW 


79 

» w 


1973 




1,480 


3,825 


993 


2,832 


713 


461 


23 


172 


57 


226 


353 


234 


36 

WW 


63 

WW 


1974 




1,574 


4,288 


1,025 


3,263 


756 


438 


29 


203 


66 


178 


413 


280 


40 


93 


1975 




1,730 


4,570 


1,130 


3,440 


fi51 


516 


34 


224 


77 


213 


448 


• 10 

^w 


43 

■tw 


10S 

1 WW 


1976 




2,093 


5,112 


1,200 


3,912 


1,016 


584 


43 


283 


106 


264 


498 


330 
www 


46 


120 

1 bU 


1977 




2,044 


5,636 


1,325 


4,311 


1,067 


6C7 


46 


303 


111 


371 


533 


345 

W"TW 


53 

WW 


135 

1 WW 


1978 




2,132 


6,300 


1,430 


4,870 


1,213 


673 


56 


354 


130 


406 


590 

Www 


365 

www 


()5 

WW 


150 

1 wU 


1979 




2,392 


7,225 


1,555 


5,670 


1,465 


863 


64 


404 


134 


438 


710 


480 


60 


170 


IQflO 




2,484 


8,450 


1,900 


6,550 


1,695 


1,035 


80 


445 


135 


538 


725 


480 


65 


180 


1981 




2,732 


10.S99 


2.340 


8,359 


1,868 


1,085 


100 


533 


150 


604 


780 


515 


75 


190 


1982 




2,729 


12,1 75 


2,950 


9,225 


2,018 


1,121 


118 


607 


172 


574 


8i5 


540 


85 


190 


1983 




3.020 


13,505 


3,617 


9,888 


2,116 


1,170 


12V 


631 


188 


613 


875 


580 


95 


200 


1984 




2,903 


15,026 


4,182 


10,846 


2,404 


1,329 


160 


708 


207 


694 


930 


600 


110 


220 


1985 




3,133 


16,915 


5,275 


11,640 


2,552 


1,396 


178 


757 


221 


790 


965 


610 


120 


235 






3,141 


15,611 


3,727 


1 1 ,884 


2,699 


1,433 


208 


838 


220 


891 


965 


600 


130 


235 


1987 (prel.) 




3,392 


16,400 


3,900 


12,500 


3,014 


1,572 


236 


953 


253 


947 


1,025 


625 


140 


260 


1988 (est.) 




3,450 


17,300 


4,000 


13,300 


3,280 


1,680 


260 


1.070 


270 


970 


1.060 


625 


155 


280 


1989 (est.) 




3,500 


18,200 


4,200 


14,000 


3,530 


1,760 


285 


1,200 


285 


1,000 


1,070 


600 


170 


300 
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Appendix table 4-4. (Continued) 



Industry^ Universities and colleges Nonprofit institutions^ 



Universities • > 

and 

Total Federar Total Fedaral Industry Total Federal Industry colleges Nonprofits FFRDCs^ Total Federal Industry Nonprofits 



- — - — Millions of constant 1982 dollars* — 



i96r 


9,707 


1,913 


6,522 


2,678 


3,844 


575 


283 


42 


212 


39 


392 


305 


161 


55 


90 


1961 


9,749 


2,01/ 


6,288 


2,583 


3,705 


611 


312 


41 


219 


38 


A2Q 


404 


'?39 


54 


111 


1962 


11,453 


2,194 


7.653 


3,159 


4,494 


641 


341 


41 


219 


41 


484 


481 


281 


59 


141 


1963 


11,436 


2,195 


7,541 


3,091 


4,451 


697 


393 


43 


221 


40 


522 


531 


322 


58 


150 


1964 


12,4:'0 


2,732 


7,867 


3,147 


4,720 


702 


384 


42 


233 


42 


611 


578 


378 


87 


142 


1965 


12,856 


2,933 


7,876 


3,076 


4,800 


827 


465 


39 


261 


62 


604 


616 


400 


62 


154 


1966 


13,244 


2,070 


8,184 


2,991 


5,193 


944 


558 


37 


256 


92 


596 


651 


417 


69 


164 


1967 


13,304 


2,868 


8,113 


2,967 


5,146 


1,041 


618 


42 


234 


97 


610 


682 


445 


70 


167 


1968 


13,797 


2,985 


8,400 


2,805 


5,596 


1,086 


683 


43 


261 


99 


621 


704 


462 


/5 


167 


1969 


13,561 


2,842 


8,385 


2,589 


5,796 


1,038 


628 


41 


268 


102 


536 


760 


510 


82 


168 


1970 


13,790 


3,199 


8,262 


2,529 


5,733 


1,029 


646 


39 


236 


108 


521 


779 


530 


80 


169 


1971 


13,145 


2.982 


7,822 


2,231 


5,591 


1,086 


669 


44 


263 


110 


481 


774 


527 


78 


169 


1972 


12,992 


2,953 


7.629 


!'.,067 


5,562 


1,138 


695 


39 


304 


100 


480 


792 


545 


76 


172 


1973 


13,644 


3,061 


7,911 


2.054 


5,857 


1,475 


953 


48 


356 


118 


467 


730 


484 


74 


172 


1974 


13,783 


3,018 


8,221 


1,965 


6,256 


1,411 


840 


56 


389 


127 


341 


792 


537 


77 


178 


1975 


13,581 


3,008 


7,945 


1,965 


5,981 


1,479 


89? 


59 


389 


134 


370 


779 


522 


75 


183 


1976 


14,470 


3,371 


8,235 


1,933 


6,302 


1,637 


941 


69 


456 


171 


425 


802 


532 


77 


193 


1977 


14,398 


3,049 


8,408 


1,977 


6,431 


1,592 


906 


69 


452 


166 


553 


795 


515 


79 


201 


1978 


14,921 


3,056 


8,784 


1,994 


6,790 


1,691 


938 


78 


494 


181 


566 


823 


537 


77 


209 


1979 


15,700 


3,071 


9,276 


1,996 


7,279 


1,881 


1,108 


82 


519 


172 


562 


911 


616 


77 


218 


1980 


16,394 


2,931 


9,972 


2,242 


7,730 


2,000 


1,221 


94 


525 


159 


635 


856 


566 


77 


212 


1981 


17,898 


2,931 


11, '^78 


2,510 


8,968 


2,004 


1,164 


107 


572 


161 


648 


837 


553 


80 


20't 


1982 


18,311 


2,729 


12,175 


2,950 


9,225 


2,018 


1,121 


118 


607 


172 


574 


815 


540 


85 


ItiO 


1983 


19,312 


2,897 


12,957 


3,470 


9.487 


2,030 


1,123 


122 


605 


180 


588 


839 


556 


91 


192 


1984 


20,297 


2,683 


13,890 


3,865 


10,025 


2,222 


1,228 


148 


654 


191 


641 


8U0 


555 


102 


203 


1985 


21,83/ 


2,809 


15,166 


4,730 


10.437 


2,288 


1,252 


160 


679 


198 


708 


865 


547 


108 


211 


1986 


20.341 


2,741 


13,625 


3,253 


10.372 


2,356 


1,251 


182 


731 


192 


778 


842 


524 


113 


205 






2.869 


13,870 


3,298 


10.572 


2,549 


1,329 


200 


806 


214 


801 


867 


529 


118 


220 




'?1,408 


2.834 


14.212 


3,286 


10,926 


2,694 


1,380 


214 


879 


222 


797 


871 


513 


127 


230 


1989 (est.) 


7:1,602 


2,769 


14,401 


3,323 


11,078 


2.793 


1,393 


226 


950 


226 


791 


847 


475 


135 


237 



^Total funds used by Federal Government from Federal sources. 

^Expenditures in federally funded research and development centers (FFRDC) administered by industry or nonprofit institutions are included in the totals for the respective sector. 
^^FHUCs administered by universities and colleges and by university consortia. 

^See appendix tp'ole 4>1 fur QNP Implicit price deflators used to convert current dollars to constant 1 9S2 dollars. Current dollars will differ slightly from source document. 

Note: Data based on annual reports by performers except for the nonprofit sector, for which data are esti: ated. 

SOURCES: NSF. National Patterns of R&D Resources: 1989, NSF 69-308 (Washington. DC: NSF, 1989); and unpublished tabulations. 

See figures 4-1 and 4-2 and 0-4 In Overview. 
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Appendix table 4-S. National expenditures for basic research, by performer and source: 1960*89 



Industry^ Universities and colleges Nonprofit iiistitutions^ 



Universities 
and 

Total Federar Total Federal industry Total Federal Industry colleges Nonprofits FFRDCs^ Total Federal Industry Nonprofits 



' Millions of current dollars 







160 


376 


79 


297 


433 


299 


24 


72 


38 


97 


131 


80 


21 


30 






206 


395 


81 


314 


536 


382 


25 


85 


44 


115 


149 


90 


22 


37 






251 


488 


143 


345 


659 


481 


25 


102 


51 


136 


190 


120 


24 


46 


1QKQ 




255 


522 


147 


375 


814 


610 


25 


181 


58 


159 


215 


140 


25 


50 






314 


549 


165 


384 


1,003 


768 


24 




ft? 

D f 


IQI 


0*50 


1 ou 




A7 






364 


592 


186 


406 


1,138 


879 


26 


164 


69 


208 


253 


172 


29 


52 






385 


624 


173 


451 


1,303 


1,008 


27 


197 


71 


227 


27B 


185 


32 


58 






435 


629 


202 


427 


1,457 


1,124 


31 


223 


79 


250 


285 


190 


34 


61 


■ 900 


» • a,r90 






180 


462 


4 ^ An 

1,649 


1,251 


36 


27Cj 


86 


276 


297 


197 


37 


63 


1969 


3.441 


532 


618 


160 


45b 


1,711 


1,279 










ouo 






Of 






577 


602 


158 


444 


1,796 


1.296 


40 


350 


110 


269 


305 


189 


44 


72 






586 


590 


134 


456 


1,914 


1,349 


46 


400 


119 


260 


322 


200 


45 


77 






625 


593 


130 


463 


2,022 


1,420 


53 


415 


134 


244 


345 


214 


47 


84 


1Q79 


0 QAC 


ouo 


CO 4 

00 1 


132 


Ann 

499 


n ncn 

2,053 


4 AC A 

1,454 


57 


408 


134 


297 


357 


218 


49 


90 


1974 


4,344 


696 


699 


163 


536 


2,154 


1 523 

1 |WbW 


61 

U 1 


HOC 


1 09 




Ana 






1 AC 
lUO 






734 


730 


157 


573 


2,410 


1,694 


72 


478 


166 


439 


425 


245 


60 


120 






786 


819 


185 


634 


2,549 


1,841 


71 


475 


162 


512 


464 


265 


64 


135 






914 


911 


210 


701 


2,800 


2.007 


79 


527 


187 


600 


510 


290 


70 


150 






1,029 


1,035 


250 


785 


3.176 


2,264 


99 


605 


208 


867 


585 


335 


80 


170 






1,089 


1.158 


265 


893 


3,612 


2,572 


114 


709 


217 


1,015 


680 


400 


85 


195 


1980 




1,182 


1,325 


290 


1,035 


4,024 


2,852 


142 


791 


239 


1,124 


760 


450 


95 


215 


1981 




1,302 


1,614 


301 


1,313 


4,589 


3,251 


172 


911 


255 


1,261 


825 


495 


105 


225 


1982 


10,410 


1,465 


1,880 


380 


1,500 


4,883 


3,403 


196 


1,001 


283 


1,317 


865 


535 


115 


215 


1983 




1,690 


2,152 


460 


1,692 


5,324 


3,565 


235 


1,173 


351 


1,472 


945 


600 


125 


220 


1984 




1,861 


2,475 


471 


2.004 


5,731 


3,826 


282 


1,255 


368 


1,609 


1,030 


650 


150 


230 


1985 




1,923 


2,622 


482 


2,140 


6,555 


4,348 


340 


1,446 


422 


1.712 


1,120 


690 


165 


265 






2,019 


2,568 


482 


2,086 


7.512 


4,900 


429 


1.729 


454 


1,820 


1.170 


700 


190 


280 


1987 (prel.) 




2,046 


2,600 


500 


2,100 


8.301 


5,354 


481 


1,949 


517 


1,963 


1,255 


725 


210 


320 


1988 (est.) 


17,355 


2,170 


2,850 


600 


2,250 


8,900 


5.700 


525 


2.135 


540 


2,100 


1.335 


775 


?rj 


335 


1989 (est.) 




2,270 


3,150 


650 


2,500 


9,500 


6.050 


565 


2.310 


575 


2,250 


1,400 


800 


240 


360 
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Appendix table 4»5. (Continued) 



Industry^ Universities and colleges Nonprofit institutions^ 



Universities 
and 

Total Federar Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs^ Total Federal Industry Nonprofits 



Millions of constant 1982 dollars* 



1960 


3,848 


514 


1,209 


254 


955 


1,392 


961 


77 


231 


122 


312 


421 


257 


68 


96 






655 


1,256 


258 


999 


1,705 


1,215 


80 


270 


140 


366 


474 


286 


70 


118 






784 


1,525 


447 


1,078 


2,059 


1,503 


78 


319 


159 


425 


594 


375 


75 


144 






783 


1,602 


451 


1,151 


2,498 


1,872 


77 


371 


178 


488 


660 


430 


77 


153 






950 


1,661 


499 


1,162 


3,035 


2,324 


73 


436 


203 


578 


702 


484 


76 


142 


1965 




1,079 


1,754 


551 


1,203 


3,372 


2,604 


77 


486 


204 


616 


750 


510 


86 


154 






1,108 


1,796 


498 


1,298 


3,751 


2,902 


78 


567 


204 


653 


792 


533 


92 


167 






1,211 


1,751 


562 


1,188 


4,055 


3,128 


86 


621 


220 


696 


793 


529 


25 


170 






1,162 


1,726 


484 


1,242 


4,434 


3,364 


97 


742 


231 


742 


799 


530 


99 


169 






1,357 


1,577 


408 


1,168 


4,365 


3,263 


99 


760 


242 


702 


778 


497 


110 


171 






1,391 


1,451 


381 


1,070 


4,330 


3,124 


96 


844 


265 


649 


735 


456 


106 


174 






1,342 


1,351 


307 


1,044 


4,384 


3,090 


105 


916 


273 


596 


738 


458 


103 


176 






1,357 


1,287 


282 


1,005 


4,390 


3,083 


115 


901 


291 


530 


749 


465 


102 


1«2 






1 .257 


1.305 


273 


1,C32 


4,246 


3,007 


118 


844 


277 


614 


738 


451 


101 


186 






1,3J4 


1,340 


313 


1,028 


4,130 


2,920 


117 


828 


265 


740 


776 


470 


104 


203 


1975 


8,237 


1,276 


1,26sj 


273 


996 


4,190 


2,945 


125 


831 


289 


763 


739 


426 


104 


209 






1,266 


1,319 


298 


1,021 


4,106 


2,966 


114 


765 


261 


825 


747 


427 


103 


217 






1,364 


1,359 


313 


1.046 


4.177 


2,994 


118 


786 


279 


895 


761 


433 


104 


224 




9,331 


1,435 


1,443 


349 


1,095 


4,428 


3,157 


138 


844 


290 


1,209 


816 


467 


112 


237 






1,398 


1,487 


340 


1,146 


4,637 


3,302 


146 


910 


279 


1.303 


873 


513 


109 


250 


1980 


9,930 


1,395 


1,564 


342 


1,221 


4,749 


3,366 


168 


933 


282 


1,326 


897 


531 


112 


254 


1981 


10,290 


1,397 


1,732 


323 


1,409 


4,923 


3,488 


185 


977 


274 


1,353 


885 


531 


113 


241 


1982 


10,410 


1,465 


1,880 


380 


1.500 


4,883 


3,403 


196 


1,001 


283 


1,317 


865 


535 


115 


215 


1983 


11,113 


1,621 


2,065 


441 


1,623 


5,108 


3,420 


225 


1,125 


33/' 


1,412 


907 


576 


120 


211 


1984 




1,720 


2,288 


435 


1,852 


5,2a7 


3,536 


261 


1,160 


340 


1,487 


952 


601 


139 


213 


1985 




1,724 


2,351 


432 


1,919 


5,878 


3,899 


305 


1,297 


378 


1,535 


1.004 


619 


148 


238 


1986 


13,169 


1,762 


2,241 


421 


1,821 


6,555 


4,276 


374 


1,509 


396 


1,588 


1,021 


611 


166 


244 


1987(prel.) 




1,730 


2,199 


423 


1,776 


7,020 


4,528 


407 


1,648 


437 


1,660 


1,061 


613 


178 


271 






1,783 


2,341 


493 


1,848 


7,311 


4,682 


"^1 


1,754 


444 


1,725 


1,097 


637 


185 


275 


1989 (est.) 


14,694 


1,796 


2,492 


514 


1,978 


7,517 


4,787 


• 1 


1,628 


455 


1,780 


1,108 


633 


190 


285 



^Total funds used by Federal Government from Federal sources. 

^Expenditures In federally funded research and development centers (FFRDC) administered ty Industry or nonprofit institutions are included in the totals tor the respective sector. 
3FFRDCS administered by universities and colleges and by university consortia. 

*See appendix table 4*1 for GNF implicit price deflators used to convert current dollars to constant 1 962 dollars. Current dollars will differ slightly from source document. 

Note: Data based on annuai reports by performers except for the nonprofit sector, for which data are estimated. 

SOURCES; NSF. National Patterns of R&D Resources: 1989. NSF 89-308 (Washington, DC: NSF, 1 989): and unpublished tabulations. 

See figures 4-1 and 4-2 and 0*4 in Overview. 
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Appendix table 4'6. Federal obligations for R&O, by agency and character of work: 1980-89 



Department/agency 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 


1089 


RttSfiflrch & devaloDmfint 










Millions of dollars 














33,104 


36,433 


38,712 


42,225 


48,360 


51.412 


55,255 


58,512 


60,323 


DeoartrnGnt of AQriculture 




77d 

f f H 


7Q7 


040 


866 


943 


y^y 


^A Q 

y4o 


4 AAn 

1.020 


987 


DGDartment of CommBrofi 




'30fl 


000 


000 


358 


399 


0^9 


402 


ii 4 4 
41 1 


AAA 

308 


DsOf^rtm^nt of nefenfid 


1 QAi 


10IOU9 


on ROQ 


^^.990 


25.373 


29,792 


o2.9oo 


00.1:^2 


36,543 


37,505 


Deoartment of Education 




1 UO 


1 Ofi 
1 CO 


i 1 0 

lie 


116 


125 


i2i 


133 


4 PA 
159 


157 


Dsoartment of Ensrav 




•♦157 1 0 


A 7nfl 


4,00/ 


4.674 


4.966 


A COO 

4,000 


4,1 57 


C 4 A4 

5,101 


C 4 OA 

5,182 


DsoartmGnt of Mnalfh & Human Sflrvirnc 


7fln 


Q 007 


0.941 


A QKQ 
4,000 


4.831 


5,451 


R ceo 
O.DOO 


O,C)09 


7 4 4 A 

7,112 


^ A ^ A 

43 


National Institutas of Mpalth 


mo 




0.400 


Q 7QQ 


4 257 


4 828 


R nAc 

o,0uo 


o,c)53 


^ A A4 

6.321 


A AAA 

6,233 


Ddoartfnsnt of Housinn ft Urban nnwAlnnmnnt 


RA 


AO. 


00 


QO 

Oc 


18 


19 


4 c 

15 


4 c 

16 


4 A 

19 


19 


D6Dartnri6nt of the Interior . . 


di 1 


A07 


001 


OoO 


A\ 1 

4 1 1 


QQO 

oyc 


OOR 

000 


404 


A A 

420 


376 






62 


25 


20 


16 


13 


10 


22 


27 


24 


Department of Transportation 




416 


310 


348 


448 


429 


386 


324 


323 


316 


Environmental Protection Agency 




326 


335 


241 


261 


320 


317 


348 


350 


374 


National Aeronautics & Space Administration 




3,593 


3,078 


2,662 


2,822 


3,327 


3,420 


3.787 


4,779 


5,416 






962 


975 


1.062 


1,203 


1,346 


1.353 


1.471 


1,523 


1,827 


All other departments/agencies 


718 


710 


766 


7RQ 


828 


839 


/ «70 


S\f\A 
()U4 


70A 


700 




























5.041 


5,482 


6,260 


7,067 


7,819 


6,153 


8,944 


9.623 


10,300 


Oeoartment of Aoricultura 




'\^A 
0 1 «♦ 


001 


00c 


393 


445 


4oo 


A AO 

446 


A 7A 

472 


A^< 

471 


Deoartment of CommarcA 


i P 


1 0 


1 7 

1 / 


ly 


21 


23 


27 


26 


AO 

28 


A«* 

27 


Deoartment of Defense 


RAf\ 


DU** 


00/ 


/OO 


848 


861 


924 


908 


0 oe 

885 


947 


Deoartment of Priuratinn 


i O 


•91 


14 


14 


12 


15 


5 


3 


4 


5 


Deoartment of Enernv 


ROQ 


aoo 




7oo 


830 


943 


960 


4 A0 A 

1,069 


1,194 


1,267 


Deoartment of Healih & Human Snn/imc 


1 7M 


i 000 


9 iA(^ 
61 140 


0 A7(5 
e.4/0 


S 815 




o,oo9 


0 OOa 

o.ooO 


A 4 4 C 

4.115 


A nA A 

4,240 


National Institutes of Health 


1 f^AO 


1 7R7 


9 nOi 


0 Q1 Q 
e,01 0 


2.625 


3,018 


0 4 4 Q 

0.1 19 


0,577 


A OCA 

3.853 


A AA ^ 

3,964 


Deoartment of the Iritorinr 


70 


01 


77 

f I 


1 0o 


i OR 
l£0 


lOO 


4 

133 


4 AC 

135 


4 AP 

135 


122 


Department of Labor 




4 


7 


5 


5 


3 


1 


1 


1 


1 


Department of Transportation . , . , 




1 


1 


1 


4 


1 


1 


0 


0 


0 






11 


33 


22 


30 


39 


39 


31 


32 


31 






531 


536 


617 


755 


751 


917 


1,014 


1.229 


1,374 






897 


916 


999 


1,132 


1,262 


1,275 


1,371 


1,418 


1.708 


All other departments/agencies 


76 


7fi 


7R 


ao 
09 


98 


105 


mo 

lUc 


i i i 

111 


lie 


4 /\o 

109 


AoDlIed research 


























7,172 


7.541 


7,993 


7,911 


8.315 


8,349 


8,999 


9,241 


9.413 


Deoartment of Anriculture 


QAO 


407 


400 


ARC 
400 


442 


466 


ACA 

464 


A 70 

473 


C4 7 

517 


486 


Deoartment of Commei'ce 


OQQ 


OQQ 


ORQ 


dob 


276 


301 


010 


04 
013 


AAA 

329 


AC4 

251 


Deoartment of [defense 


1 701 


1 QQ7 

1 ,yy / 




£.40/ 


2,201 


2,307 


2,303 


2,440 


A AAA 

2,320 


2,407 


Deoartment of Education 


70 


00 


00 


fiO 
Oe 


69 


77 


04 
91 


4 f\A 

104 


4 AO 
IOO 


44^ 

114 


Deoartment of Enerov 


7f>A 


fl07 


1 tU04 


i iOQ 

1 ti yo 


1.195 


1,198 


4 nQ4 

1 »0o1 


1 ,029 


4 AAA 
1,029 


959 


Deoartment of Health ft Human f^nn/irpc 


1 R7r^ 




1 «4D1 


1 .040 


1,652 


1,796 


4 OC4 
1 ,001 


2. .95 


A A^A 

2,362 


2,273 


National Institutes of Health 


1 1AR 




1 .1 U4 


1 .lot 


1,286 


1,410 


4 ACCS. 

l,4o9 


1 .740 


4 on A 

1.883 


4 "va A 

1,789 


Deoartment of Housino ft Urban r^AVAlnnmont 


or^ 


1 7 


1 U 


1 1 


6 


7 


e 
0 


6 


7 


7 


Deoartment of the Interior 


OAQ 


OflO 
COS 


07K 
c/0 


OCR 
200 


254 


231 


2o5 


A ^ ^ 

247 


260 


232 


Department of Labor 




55 


11 


13 


11 


9 


9 


19 


25 


23 


Department of Transportation 


82 


87 


66 


72 


74 


70 


68 


68 


76 


89 


Environmental Protection Agency 


232 


208 


211 


152 


142 


176 


179 


246 


243 


261 


National Aeronautics & Space Administration 


1.051 


876 


871 


928 


955 


1,033 


1,152 


1,256 


1,413 


1.700 


National Science Foundation 




59 


57 


63 


71 


84 


78 


99 


105 


119 


All other departments/agencies 


429 


472 


508 


541 


564 


560 


520 


503 


448 


495 
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Appendix table 4*6. (Continued) 



Department/agency 


1980 


1981 


1982 


1983 


1984 


198& 


1986 


1987 


1988 

« www 


1939 


Development 


























a0,891 


23,410 


24,458 


27,246 


32,226 


34,910 


37.313 










33 


31 


30 


31 


32 


32 


29 


31 


31 






79 


60 


50 


62 


75 


60 


64 


55 


30 






13,908 


17,670 


19.770 


22,324 


26,623 


29,711 


31,884 


33,338 


34,151 






51 


58 


36 


35 


33 


26 


26 


47 


38 






3,505 


3,012 


2,576 


2,649 


2,825 


2,64R 


2,659 


2,878 


2,956 


Department of Health & Human Services 


447 


435 


335 


332 


365 


423 


fCd 


584 


636 


531 


National Institutes of ^ealth 


394 


385 


309 


311 


347 


4U0 


418 


536 


S85 


480 






31 


19 


21 


12 


12 


10 


11 


12 


12 






57 


30 


25 


31 


22 


17 


22 


25 


23 


Department of Labor 


102 


A 
•t 


fl 


2 




1 

1 


1 


4 

1 


4 

1 








327 


243 


275 


371 


358 


317 


256 


248 


227 


Environmental Protect on Agency 


100 


107 




WW 


89 


106 


inn 


71 


7A 


no 
00 


National Aeronautics ik Space Administration 


1,624 


2,186 


1,671 


1,117 


1,113 


1,544 


1,351 


1,518 


2,138 


2,342 


National Science Fou-idation 




6 


2 


0 


0 


0 


0 


0 


0 


0 


All oineruepanments/ngencies 


214 


162 


180 


159 


166 


173 


170 


188 


165 


186 


Research & development 








Millions 1 


















of constant 1982 


dollars - 












35,516 


36,433 


37,140 


39,028 


43,301} 


44,870 


46,732 


4S 087 


47 732 






830 


797 


813 


801 


846 


810 


802 


838 


781 






352 


336 


321 


331 


358 


348 


340 


337 


244 






17,711 


20,623 


22,060 


23,452 


26,712 


28.747 


29,797 


30,020 


29,676 






113 


128 


107 


107 


112 


106 


112 


131 


124 






5,276 


4,708 


4,353 


4,320 


4,453 


4,092 


4,023 


4,190 


4,100 


Department of Health & Human Services 


4,461 


4,213 


3,941 


4,176 


4,465 


4,887 


4,938 


5,589 


5,843 


5,573 






3,576 


3,433 


3,635 


3,935 


4,329 


4,366 


4,950 


5,193 


4,932 


Department of Housing & Urban Development 




52 


29 


31 


17 


17 


13 


14 


16 


15 






458 


381 


367 


380 


351 


336 


342 


345 


297 


Department of Labor 


163 


67 

W r 






15 


12 


g 


in 
10 


ad 








446 


310 


334 


414 


385 


336 


274 


266 


250 


Environmental Protection Aoencv 




OH57 






241 


287 


077 




260 




National Aeronautics & Space Administration 


3,ei6 


3,855 


3,078 


2,554 


2,608 


2,983 


2,985 


3,203 


3,926 


4,286 






1,032 


975 


1,019 


1,112 


1,206 


1,181 


1,r.44 


1,251 


1,445 






762 


766 


757 


765 


752 


692 


680 


595 


625 


Basic research 


























5,409 


5,482 


6,006 


6,532 


7,010 


7,116 


7 564 


7 90S 


a ISO 






337 


331 


347 


363 


399 


378 


377 


388 


372 






17 


17 


18 


19 


21 


23 


22 


23 


21 


Department of Defense 




648 


687 


754 


784 


772 


806 


768 


727 


749 






22 


U 


14 


11 


13 


4 


3 


4 


4 




617 


629 


642 


737 


768 


845 


838 


904 


981 


1,003 


Department -"^f Health & Human Services 


.... 2,080 


2,039 


2,145 


2,375 


2,601 


2,898 


2,914 


3,239 


3,380 


3,355 




.... 1.938 


1,896 


2,021 


2,219 


2,426 


2,706 


2,722 


3,025 


3,165 


3,137 




84 


87 


77 


99 


116 


124 


116 


114 


110 


96 


Deuartment of Labor 


e 


A 
•» 


7 
f 


e 


5 


3 


1 


1 


0 


0 


Department of Transportation 




1 


1 


1 


3 


1 


1 


0 


0 


0 


Environmental Protection Agency 




11 


33 


21 


27 


35 


34 


26 


26 


24 


National Aeronautics & Space Administration 




570 


536 


592 


697 


673 


800 


857 


1,009 


1.087 


National Science Foundation 




962 


916 


959 


1,047 


1,131 


1,113 


1,160 


1,165 


1.351 






81 


78 


85 


91 


94 


89 


94 


92 


86 
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Appendix table 4>G. (Continued) 



uopaii >icf ii/ayci Ivy 


4 QQA 


i3oi 


4 AAA 

1982 


4 AAA 

1983 


4 A A 4 

1984 


1985 


1986 


1987 


1988 


1989 


Applied research 


























7,6a4 


7,541 


7,669 


7,313 


7,455 


7,287 


7,610 


7,592 


7,448 






458 


436 


437 


409 


417 


405 


400 


425 


384 


Department of Commerce 


281 


250 


259 


255 


255 


270 


273 


265 


270 


199 


Department of Defense 




2,142 


2,286 


2,338 


2,034 


2,068 


2,0(0 


2,064 


1,906 


1,904 






36 


56 


59 


63 


69 


80 


8G 


89 


90 


Department of Efiergy 


890 


888 


1,0'i4 


1,145 


1,104 


1,075 


943 


871 


845 


759 


Department of Health & Human Services 




1,708 


1,461 


1,483 


1,526 


1,610 


1.615 


1,856 


1,941 


1,798 


National Institutes of Health 




1,268 


1,104 


1,118 


1,188 


1,264 


1,282 


1,471 


1,547 


1,415 


Department of Housing & Urban Development 




18 


in 


11 


6 


6 


5 


5 


6 


5 






310 


275 


244 


235 


207 


205 


209 


214 


183 






58 


11 


12 


10 


8 


8 


16 


21 


18 






94 


66 


69 


69 


63 


59 


58 


62 


70 






223 


211 


146 


132 


158 


156 


208 


199 


206 


National Aeronautics & Space Administration 


1,240 


940 


871 


890 


882 


92fi 


1 006 




1 , 1 O 1 


1 'kAR 
1 ,049 


National Science Foundation 




63 


57 


60 


65 


75 


68 


84 


86 


94 


All other departments/agencies 




506 


508 


519 


521 


502 


454 


426 


368 


392 


Development 






















Tnfol fill OMAn^lAB 


04 C 4 ^ 


nn 4 4 A 

22,413 


23,410 


23,465 


25,184 


28,895 


30,468 


31,557 


32,571 


32,134 


Department of Agriculture 




35 


31 


29 


29 


29 


28 


25 


25 


25 


Department of Commerce 




84 


60 


48 


57 


67 


52 


54 


45 


24 


Department of Defense 




14,921 


17,670 


18,968 


20,634 


23,871 


25,930 


26,965 


27,387 


27,023 






55 


58 


34 


32 


30 


22 


22 


38 


30 






3,760 


3,012 


2,471 


2,448 


2,533 


2,31 . 


2,249 


2,364 


2,339 


Department of Health & Human Services 


528 


467 


335 


318 


337 


379 


408 


494 


522 


420 


National Institutes of Health 




413 


309 


298 


321 


358 


364 


453 


481 


380 


Department of Housing & Urban Development 




34 


19 


20 


11 


11 


g 


g 


10 


10 


Department of the Interior 


67 


61 


30 


24 


28 


20 


15 


18 


21 


18 






4 


8 


2 


0 


1 


1 


1 


1 


1 






351 


243 


264 


343 


321 


277 


216 


£03 


180 


Environmental Protection Agency 




115 


92 


63 


82 


95 


87 


60 


62 


66 


National Aeronautics & Space Administration 




2,345 


1,671 


1,071 


1,028 


1»384 


1,179 


1,284 


1,756 


1,853 


National Science Foundation 


10 


7 


2 


0 


0 


0 


0 


0 


0 


0 


All other departments/agencies 




174 


180 


153 


153 


155 


149 


159 


135 


147 



Note- Data for 1988 and 1989 are estimates. 



SOURCE: NSF. Division of Science Resources Studies. 
See figures 4*3 and 4-4. 
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Appendix table 4-7. Federal obligations for R&D, by character of work and performer: 1980*89 



Performer 



1980 1981 1982 1983 1984 1985 



1988 1989 
1986 1987 (est.) (est.) 



— . Millions of current dollars — • 

Total research and development 29,830 33,104 36,433 38,712 42,225 48,360 51,412 55,255 58,512 60,323 

Federallntramural' 7,632 8,426 9,141 10,5far. 11,572 12.945 13,53S 13,413 14,514 14,745 

Industrial firms excluding FFRDCs 12,969 14,868 17.192 17.143 18,753 21,969 24,509 26,752 28,233 29,184 

FFRDCs administered by industry 1,408 1,414 1,506 1,501 1,608 1,791 1,697 1,860 1,888 1,923 

Universities & colleges excluding FFRDCs 4,263 4,466 4.606 4,96B 5,565 6,358 6,579 7,354 7,771 8.167 

FFRDCs administered by universities 1,533 1,791 1.977 2,266 2,325 2,535 2,440 3,210 3,371 3,638 

Nonprofit institutions excluding FFRDCs 1.106 1,069 1.092 1.242 1,497 1,699 1.676 1.711 1,801 1,706 

FFRDCs administered by nonprofit institutions 442 525 521 681 597 689 553 511 514 528 

States local governments 266 222 184 186 131 129 128 148 148 142 

Foreign 211 323 214 240 176 245 296 298 272 290 

Total basic research 4,674 5,041 5,482 6,260 7,067 7,819 8,153 8,944 9,623 10,300 

Federallntramural' 1,183 1,302 1,466 1,690 1,861 1,923 2,019 2,046 2,173 2,269 

Industrial firms excluding FFRDCs 325 293 271 306 394 408 545 467 583 659 

FFRDCs administered by industry 70 73 87 83 91 123 118 120 135 142 

Universities & colleges excluding FFRDCs 2,320 2,503 2,727 3,112 3,531 4,039 4,132 4,666 4.927 5,308 

FFRDCs administered by universities 437 491 517 591 653 696 691 907 1.009 1,101 

Nonprofit institutions excluding FFRDCs 280 313 356 410 474 556 572 658 713 734 

FFRDCs administered by nonprofit Institutions 8 9 9 6 8 12 13 13 14 15 

State & local governments 24 27 25 32 28 31 31 38 40 41 

Foreign 28 31 25 29 28 31 33 30 30 30 

Total applied research 6.923 7,172 7,541 7,993 7,911 8,315 8,349 8,999 9,241 9,413 

Federallntramural' 2,484 2,732 2,729 3,020 2,904 3,133 3,142 3,392 3,452 3,505 

Industrial firms excluding FFRDCs 1,752 1,665 1,886 1,847 1,792 1,751 1,835 1,982 1,975 2,151 

FFRDCs administered by industry 241 278 400 440 405 363 365 314 314 316 

Universities & colleges excluding FFRDCs 1,379 1,417 1,318 1,356 1,499 1,688 1,751 1,975 2,124 2,118 

FFRDCs administered by universities 414 450 540 621 635 641 502 564 593 585 

Nonprofit Institutions excluding FFRDCs 399 392 388 427 449 489 490 550 576 528 

FFRDCs administered by nonprofit institutions 64 59 95 77 79 85 76 77 7i 73 

State & local governments 127 103 101 i05 60 59 60 53 53 49 

Foreign 63 75 83 101 89 107 130 94 83 89 

Total development 18,233 20,891 23,410 24,458 27,246 32,226 34,9l0 37,313 39,648 40,611 

Federal Int-amural' 3,966 4,392 4,947 5,872 6,808 7,889 8,375 7,975 8,889 8,971 

Industrial firms excluding FFRDCs 10,892 12.910 15,036 14,995 16,567 19,810 22,129 24,303 25,676 26,374 

FFRDCs administered by industry 1,097 1,063 1,019 979 1,112 1,305 1,215 1,426 1,439 1,465 

Universities & colleges excluding FFRDCs 564 546 560 499 535 631 696 713 720 741 

FFRDCs administered by universities 682 850 920 1,054 1,037 1,198 1.247 1,739 1,770 1,952 

Nonprofit institutions excluding FFRDCs 427 364 348 405 575 654 614 503 512 445 

FFRDCs administered by nonprofit institutions 370 458 416 496 510 592 463 421 430 441 

States local governments 115 93 58 49 43 40 37 58 55 52 

Foreign 120 218 106 110 59 107 134 173 159 171 
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Appendix table 4-7. (Continued) 



1 988 1 98& 

Performer 1980 1981 1982 19B3 1984 1985 198 6 1987 (est.) (est.) 

— — Millions of constant 1982 dollars - ^ -^^.^..^-^ 

Total research and development 35,202 35,515 36,4a3 37,140 39,028 43,360 44,870 46,732 48,067 47,732 

FedoralintramuraP 9,007 9.039 9,141 10,152 10,696 11,60/ 11,813 11,344 11,923 11,667 

Industrial firms excluding FFRDCs 15,305 15,951 17,192 16,452 17,333 19,698 21,390 22,625 23,193 23,092 

FFRDCs administered by industry 1,662 1.517 1,506 1,440 1,487 1,606 1,481 1,573 1,551 1,521 

Universities & colleges excluding FFRDCs 5.031 4,791 4,606 4,765 5,144 5,700 5,742 6,219 6,384 6,462 

FFRDCs administered by universities 1,809 1,921 1,977 2,174 2,149 2,273 2,129 2,714 2,769 2,878 

Nonprofit institutions excluding FFRDCs 1.305 1,147 1,092 1,191 1.384 1,524 1,462 1,447 1,479 1.350 

FFRDCs administered by nonprofit institutions 521 563 521 558 552 618 482 432 422 418 

State & local governments 313 238 184 178 121 116 i12 125 122 112 

Foreign 249 347 214 230 162 219 259 252 223 230 

Total basic research 5,516 5,409 5.482 6.006 6,532 7.010 7,116 7.564 7,905 8,150 

Federal intramuran 1,395 1,397 1.466 1,621 1,720 1,725 1,762 1,731 1,785 1,795 

Industrial firms excluding FFRDCs 384 314 271 293 364 366 475 395 479 521 

FFRDCs administered by industry 83 79 87 80 84 110 103 101 111 *13 

Universities & colleges excluding FFRDCs 2,738 2,686 2,727 2,986 3,264 3,621 3,606 3,946 4,048 4.200 

FFRDCs administered by universities 515 526 517 567 603 624 603 767 829 871 

Nonprofit Institutions excluding FFRDCs 330 336 356 393 438 498 499 556 585 580 

FFRDCs administered by nonprofit institutions 9 9 9 8 8 11 11 11 11 12 

State & local governments 28 28 25 31 26 27 27 32 33 32 

Foreign 33 33 25 27 26 28 29 26 25 24 

Total applied research 8,170 7,694 7,541 7,669 7,3* J 7,455 7,287 7,610 7.592 7.448 

Federal intramuraP 2,931 2,931 2,729 2,898 2,684 2,809 2.742 2,868 2,836 2,774 

Industrial firms excluding FFRDCs 2,068 1,787 1,886 1,772 1,656 1,570 1,601 1,676 1,622 1.702 

FFRDCs administered by industry 284 298 400 422 375 326 318 265 258 250 

Universities & colleges excluding FFRDCs 1,627 1,520 1,318 1,3C i 1,385 1,513 1.529 1.670 1,745 1,676 

FFRDCs administered by universities 489 483 540 595 587 574 438 477 487 463 

Nonprofit institutions excluding FFRDCs 471 421 388 410 415 439 427 465 474 417 

FFRDCs administered by nonprofit institutions 76 63 95 74 73 76 66 65 58 57 

State & local governments 150 110 101 100 55 53 52 45 44 39 

Foreigi 74 80 83 97 82 95 113 80 68 70 

Total development 21,517 22,413 23.410 23,465 25,184 28,895 30,468 31.557 32.571 32,134 

Federal intramuraP 4,680 4,71 1 4,947 5,633 6,292 7,074 7,309 6,745 7,302 7,099 

Industrial firms excluding FFRDCs 12,853 13,850 15,036 14,387 15.313 17.762 19,313 20,554 21,092 20,869 

FFRDCs administered by industry 1,295 1,140 1,019 939 1,028 1,170 1.060 1,206 1,182 1,159 

Universities & colleges excluding FFRDCs 666 585 560 478 495 566 607 603 591 586 

FFRDCs administered by universities 805 912 920 1.011 9b9 1,074 1,088 1.470 1,454 1,544 

Nonprofit institutions excluding FFRDCs 504 390 348 388 531 585 536 426 420 352 

FFRDCs administered by nonprofit institutions 437 491 416 476 471 531 404 356 353 349 

Sts.te & local govemments 135 100 58 47 40 36 33 49 45 41 

Foreign 142 233 106 105 55 96 117 147 130 135 

FFRDC » Federally funded research and development CGPler. 

^Federal intramural acllvllles cover costs associated with the administration of intramural and extramural programs by Federal personnel as well as actual Intramural 
performance. 

SOURCH; NSF. Division of Science Resources Studies. 
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Appendix table 4*8. Federal obligations to intramural performers for basic 

research, by agency: 1980-89 



All All other 

agencies DOE DOD NIH NASA NSF USDA agencies 



Millions of dollars 



1980 


1,182 


6 


199 


320 


225 


68 


180 


184 


1981 


1,302 


6 


226 


335 


216 


99 


202 


218 


1982 


1,466 


7 


246 


405 


251 


112 


219 


226 


1983 


1,690 


18 


276 


449 


305 


126 


239 


277 


1984 


1,861 


11 


303 


479 


345 


130 


274 


319 


1985 


1,961 


21 


301 


543 


318 


138 


296 


344 


1986 


2,018 


25 


308 


579 


363 


126 


293 


323 


1987 


2,046 


35 


283 


568 


379 


138 


302 


340 


1988 (est.) 


2,173 


40 


271 


619 


431 


152 


322 


339 


1989 (est.) 


2,269 


32 


278 


629 


498 


165 


330 


337 



SOUf NSF, Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 4»9. Federal obligations for R&D, by selected agency, performer, and 

character of work: 1989 



Performer 



Total research and development 

Federal Intramural 

Industrial firms excluding FFRDCs 

FFRDCs administered by Industry 

Universities & colleges excluding FFRDCs 

FFRDCs administered by universities 

Nonprofit Institutions excluding FFRDCs 

FFRDCs administered by nonprofit Institutions 

State & local governments 

Foreign 

Total basic research 

Federal intramural 

Industrial firms excluding FFRDCs 

FFRDCs administered by Industry 

Universities & colleges excluding FFRDCs 

FFRDCs administered by universities 

Nonprofit Institutions excluding FFRDCs 

FFRDCs administered by nonprofit institutions 

State & local governments 

Foreign 

Total applied research 

Federal intramural 

Industrial firms excluding FFRDCs 

FFRDCs administered by Industry 

Universities & colleges excluding FFRDCs 

FFRDCs administered by universities 

Nonprofit institutions excluding FFRDCs 

FFRDCs administered by nonprofit institutions 

State & local governments 

Foreign 

Total development 

Federal intramural 

Industrial firms excluding FFRDCs 

FFRDCs administered by industry 

Universities & colleges excluding FFRDCs 

FFRDCs administered by universities 

Nonprofit institutions exctudinq FFRDCs 

FFRDCs administered by nonprofit institutions 

State & local governments 

Foreign 



Total all Another 
agencies DOD DOE NIH NASA NSF agencies 



Millions of dollars 



60,323 37,505 5.182 6,233 


5.416 1,827 


4,161 


14,745 


9,094 


207 1,007 


1,913 


171 


2»352 


29,184 23,213 


910 


194 


2,406 


72 


389 


1,923 


328 1,523 


8 


0 


3 


61 


8,167 


1,129 


395 4,028 


351 


1,384 


880 


3,638 


677 2,011 


30 


577 


97 


47 


1,706 


271 


61 


875 


147 


98 


255 


528 


439 


73 


4 


1 


0 


12 


142 


0 


0 


53 


5 


1 


oo 


290 


153 


2 


35 


17 


1 




1 U,299 


947 1,267 3,964 


1,374 1,708 


1,039 


2,269 


278 


32 


629 


498 


165 


668 


659 


99 


22 


63 


386 


56 


32 


142 


1 


132 


4 


0 


3 


3 


6,308 


538 


270 2,660 


245 1,297 


AAA 

298 


1,101 


9 


774 


19 


202 


96 


0 


734 


19 


23 


538 


37 


88 


28 


15 


1 


14 


0 


0 


0 


0 


41 


0 


0 


31 


1 


1 
1 


0 


30 


3 


0 


19 


5 


1 


o 
o 




2,407 


959 1,789 


1,700 


119 


2,439 


3.505 


950 


102 


306 


748 


6 


1,393 


2,150 


1,002 


134 


92 


699 


15 


208 


316 


59 


197 


2 


0 


0 


SB 


2,118 


261 


114 1,091 


47 


87 


517 


585 


68 


335 


6 


151 


0 


24 


5i!7 


44 


33 


260 


46 


9 


135 


73 


14 


43 


3 


0 


0 


12 


49 


0 


0 


15 


1 


0 


33 


89 


8 


1 


14 


7 


0 


60 


40,611 


34,151 2,956 


480 


2,342 


0 


682 


8,971 


7,866 


74 


73 


668 


0 


291 


26,374 


24,112 


754 


38 


1,321 


0 


149 


1,465 


269 1,194 


2 


0 


0 


0 


741 


330 


11 


277 


59 


0 


64 


1,952 


800 


902 


4 


224 


0 


22 


445 


208 


5 


77 


63 


0 


92 


441 


424 


16 


0 


0 


0 


0 


52 


0 


0 


7 


3 


0 


43 


171 


143 


0 


2 


5 


0 


21 



FFRDC « Federally funded research and development center. 
Note: Data are estimates. 

SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
See texi lableA-S. 
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Appendix table 4-10. FiKieral obligations for basic research in Industry. 

bv agency: 1967»89 



A. Another 
agencies DOE' DOD NIH NASA NSF USDA agencies 



Millions of current dollars -• — 



19S7 


181 


2 


28 


10 


138 


2 


0 


1 


1988 


195 


2 


21 


8 


le*? 


1 


0 


1 


1989 


185 


2 


18 


5 


154 


2 


0 


s 


1970 


185 


1 


30 


6 


146 


1 


0 


1 


1971 


167 


1 


42 


7 


114 


1 


0 


1 


1972 


151 


1 


37 


10 


97 


2 


0 


4 


1973 


176 


0 


35 


11 


125 


3 


1 


1 


1974 


124 


1 


38 


16 


64 


3 


1 


3 


1975 


119 


0 


42 


11 


53 


6 


0 


5 


1976 


131 


0 


41 


14 


66 


6 


0 


3 


1977 


208 


1 


51 


13 


135 


5 


1 


4 


1978 


248 


2 


57 


14 


153 


12 


1 


8 


1979 


277 


2 


66 


19 


175 


6 


2 


7 


1980 


325 


4 


88 


18 


195 


1i 


3 


8 


1981 


293 


7 


77 


18 


161 


20 


4 


6 


1982 


271 


6 


100 


13 


119 


20 


0 


12 


1983 


306 


25 


105 


20 


127 


21 


0 


7 


1984 


394 


22 


91 


28 


215 


24 


0 


14 


1985 


404 


23 


92 


27 


210 


32 


0 


20 


1986 


545 


19 


94 


34 


314 


58 


0 


27 


1987 


467 


20 


101 


57 


228 


42 


1 


18 


1988 (est.) 


583 


34 


87 


62 


326 


47 


0 


25 


1989 (est.) 


659 


22 


99 


63 


386 


56 


0 


31 



Millions of constant 1982 dollars 



1967 . 


503 


5 


79 




384 


4 


1 


3 


1968 


524 


5 


56 


21 


437 


3 


1 


2 


1969 


471 


4 


45 


13 


393 


4 


0 


12 


1970 


446 


3 


71 


15 


352 


2 


0 


2 






2 


97 


15 


262 


3 


0 


2 


19 /2 


329 


1 


80 


22 


211 


4 


0 


10 


1973 


364 


0 


73 


22 


259 


5 


2 


2 






1 


72 


30 


123 


5 


1 


5 


1975 


206 


0 


73 


20 


93 


11 


1 


9 


1976 


211 


0 


P6 


23 


106 


10 


0 


5 


1977 


311 


1 


76 


19 


201 


7 


1 


5 


1978 




3 


80 


20 


213 


17 


1 


12 


1979 


356 


2 


85 


25 


224 


8 


3 


9 


1980 


384 


5 


103 


21 


230 


13 


3 


9 


1981 




8 


82 


20 


172 


21 


4 


7 


1982 


271 


6 


100 


13 


119 


20 


0 


12 






24 


100 


19 


122 


20 


0 


7 


1984 


364 


20 


84 


26 


198 


23 


0 


13 


1985 


362 


21 


83 


24 


188 


29 


0 


18 


1986 


475 


16 


82 


29 


274 


51 


0 


23 


1987 


395 


17 


85 


48 


193 


36 


1 


15 




479 


28 


71 


51 


268 


39 


0 


21 


1989 (est.) 


521 


17 


78 


50 


306 


45 


0 


25 



^Atomic Energy Commission, 196773; Energy Research and Development Administration. 197476; Depart- 
mentof Energy, 1977-present. 

SOURCES: NSF, Federal Funds for Research ar)d Developmer)!, Detailed Historical Tables: Fiscal Years 
1955-87, arid Fiscal Years 1986, 1987, arid ;9dd(Wa6hlnyton, DC: NSF); and unpublished tabulations. 
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Appendix table ^11, Federal obligations for basic research, by S/E field: 1980-89 



1988 1989 

S^Etie'd 1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) 



Total, all fields 

Life sciences, total 

Blotoglcal & agricultural, total 

Bloi (excl. erii/ironmental) . 

Environmental blolooy . . . . 

Agricultural 

Medical sciences, total 

Life sciences, N.E.C 

Psychology, total 

Physical sciences, total 

Astronomy 

Chemistry 

Physics 

Physical sciences, N.E.C 

Environmental sciences, total . . 

Atmospheric science 

Geological 

Oceanography 

Envlronmeptsil sciences, 
N.E.C 

Mathematics & computer 
science, total 

Mathematics 

Computer science 

Mathematics & computer 
science, N.E.C 

Social sciences, total 

Anthropology 

Economics 

Political science 

Sociology 

Social sciences, N.E.C 

Engineering, total 

Aeronautical 

Astronautical 

Chemical 

Civil 

Electrical 

Mechanical 

Metallurgy & materials 

Engineering, N.E.C 



- Millions of current dollars 



4,674 


5,041 


5,482 


6,260 


7.067 


7,819 


8,153 


8,944 


9,623 


10,300 


2,054 


2,224 


2,526 


2,891 


3,288 


3.787 


3,859 


4,364 


4,674 


4,660 


1,339 


1,46? 


1,675 


1,929 


2,175 


2,516 


2,543 


2.370 


3,079 


3,219 


1,100 


1,202 


1,401 


1,622 


1,836 


2.106 


2,152 


2.462 


2,640 


2,765 


66 


83 


83 


93 


121 


126 


126 


141 


145 


158 


154 


177 


190 


214 


218 


284 


266 


268 


294 


29S 


657 


706 


793 


879 


1.015 


1,145 


1,197 


1,343 


1,430 


1,470 


00 


RR 
00 


08 


S4 


AO 

98 


126 


119 


151 


165 


171 


84 


91 


90 


93 


108 


133 


133 


147 


151 


162 


1,221 


1,325 


1,394 


1,587 


1,728 


1,815 


1,914 


2,096 


2,285 


2,548 


279 


274 


271 


355 


380 


401 


453 


505 


582 


656 


257 




0 1 c 










445 


456 


486 


668 


735 


791 


865 


921 


960 


1,003 


1,072 


1,175 


1,308 


16 


17 


20 


If- 


24 


30 


25 


74 


72 


99 


522 


533 


520 


580 


657 


700 


749 


781 


863 


946 


179 


174 


163 


173 


192 


209 


240 


244 


271 


302 


198 


194 


178 


178 


198 


250 


266 


266 


293 


332 


131 


143 


155 


196 


220 


219 


224 


250 


272 


264 


14 


22 


25 


34 


46 


21 


19 


21 


26 


28 



116 


140 


165 


208 


241 


260 


293 


306 


331 


396 


67 


79 


91 


101 


114 


130 


142 


158 


164 


180 


46 


52 


67 


90 


105 


116 


131 


129 


143 


182 


3 


9 


7 


17 


22 


14 


20 


20 


24 


34 


147 


137 


120 


138 


133 


141 


114 


130 


134 


136 


14 


13 


13 


11 


17 


16 


11 


12 


13 


13 


40 


34 


39 


41 


30 


34 


26 


29 


30 


32 


7 


6 


4 


5 


4 


6 


4 


6 


6 


5 


25 


23 


19 


33 


34 


32 


30 


34 


36 


35 


60 


61 


45 


48 


48 


52 


42 


48 


49 


51 


465 


526 


611 


690 


845 


884 


969 


990 


1,058 


1,115 


104 


113 


127 


141 


226 


192 


226 


237 


280 


314 


27 


33 


45 


50 


52 


42 


S3 


49 


62 


70 


26 


31 


35 


50 


56 


74 


73 


78 


88 


69 


22 


23 


32 


32 


42 


44 


45 


46 


83 


55 


71 


79 


94 


96 


130 


145 


156 


175 


128 


165 


42 


47 


53 


61 


S4 


88 


84 


87 


93 


92 


121 


139 


156 


183 


187 


212 


229 


210 


215 


238 


52 


61 


69 


76 


88 


88 


103 


108 


109 


112 
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Appendix table 4<11. (Continued) 



1988 1989 



S/E field 


1980 

■ 9WW 


1981 




1983 


1984 


1985 


1986 


1987 


(est ) 


(est ) 






— • — ■■ - 





Millions of constant 1982 dollars - 


— — 


— — 


— 


Total, all fields 


5,516 


5,409 


5,482 


6,006 


6,532 


7,010 


7,116 


7,564 


7,905 


8,150 


Life sciences, total 


2,424 


2,386 


2,526 


2,774 


3,039 


3,395 


3,368 


3,690 


3,840 


3,845 


Biolr jlral & agricultural, total 


1,581 


1,569 


1.675 


1,851 


2,010 


2,255 


2,219 


2,428 


2,530 


2,547 


Biol ( ) wl. environmental) . 


4 AAA 

1,298 


1,289 


1,401 


1,556 


1,697 


1,889 


1,878 


2)082 


2,169 


2,1o8 


^nvlfopnnfintal hioloov 


102 


89 


83 


89 


112 


113 


110 


119 

1 1 w 


119 


125 

1 c* w 


AaricuitLiral 


181 


190 

1 WW 


190 


206 


202 


254 


232 


227 


242 


234 


Mfidical ficloncdfi total 


775 


758 


793 

1 WW 


843 


936 


1,027 


1,044 


1 136 

1 1 1 WW 


1,175 


1 163 

1 , 1 WW 


Liffi scifinCfiS N £ C 


68 


59 


58 

ww 


sn 






in4 


127 


135 

1 WW 


135 

1 WW 


Psychology, total 


99 


98 


90 


89 


100 


119 


116 


124 


124 


128 


Physical sciences, total 


1,440 


.,•..51 


1,394 


1 s?*^ 


1 SQ7 


1 t^28 


1 R71 

1 iwr 1 


1,773 


1,877 


2,016 




330 


294 


271 


0*rU 


Owl 


Ow9 


09w 


427 


478 


519 




303 


320 


312 


348 


373 


381 


378 


376 


374 


384 




789 


789 


791 


820 


652 


861 


876 


907 


965 


1,035 


Physical sciences, IJ.E.C. . . . 


19 


18 


20 


15 


22 


27 


22 


63 


59 


78 


Environmental sciences, total . . 


616 


572 


520 






R97 


MA 
ow4 


661 


709 


748 


Atmospheric science 


211 


186 


163 


\ WW 


17ft 


IHft 


91 n 


206 


223 


239 




234 


208 


178 


171 


183 

1 Uw 


22/ 


232 


225 


241 


262 




15/1 


154 


155 


188 


203 


197 


196 


211 


224 


225 


Environmental sciences. 






















N.E.C 


17 


23 


25 


32 


43 


19 


16 


18 


21 


22 


Mathematics & computer 
























137 


151 


165 




ceO 


coo 


CwO 


259 


272 


313 




79 


85 


91 


Q7 

W f 


lOR 


117 


^9A 


134 


135 


143 




55 


56 


67 


8^ 


97 


104 


115 


109 


118 


144 


Mathematics & computer 






















science, N.E.C 


4 


10 


7 


16 


21 


12 


17 


16 


19 


27 


Social sciences, total 


174 


147 


120 


1 

1 Jc 


1 

1 CO 


1 CO 


QQ 


110 


110 


108 




17 


14 


13 


1 1 


1 A 
10 


A A 


1 u 


10 


10 


11 




47 


37 


39 




97 


01 


9Q 
cO 


25 


25 


25 




9 


7 


4 


A 


A 
•t 


e 
w 


A 
H 


5 


5 


4 




30 


24 


19 


Q1 


0 1 


OQ 

C9 


CO 


29 


29 


27 


Social sciences, N.E.C 


71 


65 


45 






A7 


Of 


41 


41 


41 


EnninfiBrlnn tntai 


549 


564 


611 


wuC 


7ft1 


f 90 


OHw 


837 

Uw r 






AArOnflutiRfll 






127 


135 


208 


172 


198 


201 

CU 1 




249 




32 


36 


45 


46 


48 


37 


46 


41 


51 


55 




31 


34 


35 


48 


51 


67 


64 


66 


73 


55 


Civil 


26 


25 


32 


31 


39 


39 


39 


39 


68 


43 




83 


84 


94 


92 


121 


130 


136 


148 


105 


130 




50 


51 


53 


58 


59 


79 


73 


74 


76 


73 




143 


149 


156 


175 


173 


190 


199 


177 


176 


188 


Engi.ieering, N.E.C 


61 


65 


69 


73 


81 


79 


90 


91 


90 


89 



N.E.C. « Not elsewhere classified. 

SOURCE: NSF, Division of Science Resourcas Studies, Federal Funds for Research and Development: Fiscal Years 19S7, 1968, and 
1989, NSF 89-304 (Washington, DC: NSF 1989). 
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Appendix table 4-12. Federal obligations for applied research, by S/E field: 1980-89 



1988 1989 

S/E field 1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) 



— Millions of current dollars - 





6,923 


7,172 


7,541 


7.993 


7.911 


8,315 


8,349 


8,999 


9,241 


9,413 


Life sciences, total 


2.138 


2,212 


2,220 


2,287 


2,348 


2,576 


2,606 


2,980 


3,135 


3,094 


Biological & agricultural, total 


1,168 


1,249 


1,137 


1,136 


1,150 


1,240 


1,318 


1,488 


1,576 


1,557 


Biol (excL environmental) . 


731 


795 


678 


684 


727 


779 


Q42 


1,041 


1,120 


1,083 


Environmental biology .... 


144 


137 


100 


101 


129 


135 


138 


149 


153 


170 




294 


317 


359 


351 


294 


326 


338 


299 


303 


304 


MpHirdI crlonrv^Q total 


oou 


9U<t 


sou 




1,U90 


4 QOO 


1,104 


1,324 


4 one 
1,395 


1,351 


Life sciences, N.E.C 


90 


59 


103 


102 


100 


113 


123 


168 


165 


1S7 




115 


118 


129 


148 


159 


194 


201 


222 


227 


235 




780 


896 


1,107 


1,304 


1,241 


1,231 


1,155 


1,157 


1,102 


1 160 




6 


7 


5 


3 


3 


14 


15 


18 


17 






198 


189 


169 


158 


203 


225 


229 


235 


222 


219 




514 


610 


820 


1,000 


915 


856 


803 


781 


765 


804 


Physical sciences, N.E.C. . . . 


62 


90 


113 


144 


120 


135 


lue 


122 


98 


116 


Environmental sciences, total . . 


739 


588 


628 


671 


619 


704 


733 


731 


768 


745 


Atmospheric science 


231 


200 


263 


288 


242 


277 


281 


309 


312 


344 




203 


202 


180 


155 


161 


179 


178 


176 


189 


160 




131 


118 


107 


148 


143 


179 


205 


178 


190 


138 


Environmental sclencesi 
























173 


68 


79 


80 


73 


69 


68 


68 


78 


84 


Mathematics & computer 
























125 


139 


185 


211 


200 


315 


322 


334 


351 


391 




24 


39 


37 


33 


37 


53 


42 


46 


48 


50 


Computer science 


82 


69 


104 


124 


110 


164 


171 


169 


172 


182 


Mathematics & computer 






















18 


31 


44 


55 


63 


97 


109 


119 


132 


158 




377 


361 


266 


298 


30 » 


319 


302 


351 


353 


359 




3 


2 


2 


2 


2 


2 


2 


3 


3 


3 




153 


173 


118 


125 


118 


125 


105 


120 


128 


120 




5 


5 


3 


7 


7 


9 


8 


6 


7 


7 


Sociology 


46 


42 


33 


35 


36 


34 


37 


40 


38 


39 


Social sciences, N.E.C. . . . 


170 


140 


110 


130 


141 


149 


160 


183 


178 


190 


Sclencesi N.E.C 


286 


314 


231 


247 


262 


242 


261 


307 


281 


291 



Engineering, total 2,365 2,545 2,776 2,828 2,779 2,733 2.770 2,917 3,024 3,138 





604 


596 


615 


680 


635 


547 


549 


573 


615 


724 




275 


271 


246 


271 


344 


383 


474 


576 


607 


726 




70 


116 


60 


95 


89 


180 


173 


138 


156 


lie 


Civil 


137 


136 


170 


156 


161 


173 


158 


159 


160 


167 




447 


478 


519 


519 


500 


482 


518 


611 


564 


566 




166 


157 


148 


206 


126 


179 


153 


146 


145 


145 




115 


118 


153 


ISO 


154 


227 


217 


152 


247 


178 


Engineering, N.E.C 


5i)2 


673 


866 


751 


770 


563 


529 


562 


530 


511 



(continued) 
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Appendix table 4<12. (Continued) 























1 909 


S/E field 


1980 


1981 


1982 


1983 


1984 


1985 


198G 


1SS7 































Millions of constant 1962 dollars ■ 









Total, all fields 


8,170 


7.694 


7,541 


7,669 


7,313 


7.455 


7,287 


7,610 


7,592 


7,448 


Lifo ficisncpfi total 






2 290 


2,194 


2,171 


2,310 


2,274 


0 Ron 

c,OcU 


c,Of 0 


0 ddA 


Biological & agricultural, total 


1.378 


1,340 


1.137 


1,090 


1,063 


1,112 


1,151 


1,259 


1,294 


1,232 


Biol (excl. environmental) 


862 


853 


678 


656 


672 


699 


735 


880 


920 


857 


Environmental biology .... 


169 


147 


100 


97 


119 


121 


121 


126 


126 


135 


Anricijittjral 


W*Tf 


3di 

wH 1 




337 


272 


292 


295 




OAQ 


OA^ 
Chi 


Medical ficifinCAfi total 


1 038 


P70 




1,006 


1,014 


1,097 


1,016 


1 ion 

1 11 cU 


1 lAR 


1 ,U09 


Life ficiencfifi M E C 


106 


R3 


103 


98 


S3 


101 


lOfl 
t uo 


1 AO 

1 HC 


1 JO 


1 AO. 




135 


126 


129 


142 


147 


174 


175 


188 


186 


186 




920 


961 


1,107 


1 PR1 


1 1d7 


1 lOd 


1 OOfl 


978 


905 


917 




7 


7 


5 


0 


2 


1Q 

1 0 


1Q 


15 


14 


16 




233 


202 


169 


152 


188 


202 


200 


199 


182 


173 




607 


655 


820 


959 


846 


768 


700 


661 


628 


636 


Physical sciences, N.E.C 


73 


96 


113 


138 


111 


121 


94 


104 


81 


92 


Environmental sciences, total . . 


872 


631 


628 




*i79 

M r C 


R31 


R3Q 


618 


631 


589 




272 


214 


263 


97R 




OAR 


ChD 


261 


256 


272 




240 


217 


180 


149 


149 


ICO 


1SR 
I wo 


149 


155 


142 




155 


127 


107 


142 


133 


161 


179 


150 


156 


109 


Environmental sciences, 






















N.E.C 


205 


73 


79 


77 


67 


62 


59 


58 


64 


66 


Matlnematics & computer 
























147 


149 


185 


903 


1 ot 




CO 1 


283 


289 


309 




28 


41 


37 


31 

w t 


3d 


dfi 


37 




39 


39 




97 


74 


104 


119 


101 


147 


149 


143 


141 


144 


Mathematics & computer 
























21 


33 


44 


52 


49 


87 


95 


101 


108 


125 




444 


387 


266 


285 


281 


286 


264 


296 


290 


284 




3 


2 


2 


2 


2 


2 


2 


2 


2 


2 




180 


185 


118 


120 


109 


112 


92 


101 


105 


95 


Political qcIamca 


e 
0 


R 


0 


6 


6 


8 


7 


0 


D 


0 


Socio Ion V 


R4 


4R 




34 


34 


30 


32 


oj 


11 


01 


Social ficiAncAQ M F H 


901 


1 wU 


110 


125 


131 


134 


131 


1 


1 AR 


1 

10U 




337 


336 


231 


CO r 


9d9 


917 


998 


260 


231 


230 


Enolnfifirino total 


2 791 


P 731 

&i r w 1 


9 77fi 


2,713 


£,569 


2,451 


2,418 


0 4R7 


0 dfid 
CfHOH 




Apronaiitlf^l 


71*5 
r 1 0 




ftl R 


652 


587 


490 


479 


HOQ 


OUO 


0/^0 


Afitfonautlcal 




C9 1 




260 


318 


344 


414 


dfl7 
•♦Of 


AQQ 


Of 0 




83 


125 


60 


91 


82 


131 


151 


117 


128 


94 


Civil 


161 


146 


170 


150 


149 


155 


138 


134 


132 


;32 




527 


513 


519 


498 


462 


432 


452 


517 


463 


450 




196 


169 


148 


197 


117 


160 


134 


124 


119 


115 


Metallurgy & materials 


135 


126 


153 


144 


142 


204 


189 


129 


203 


141 


Engineering, N.E.C 


651 


722 


866 


721 


712 


505 


461 


475 


435 


405 



N.E.C. e Not elsewhere classified. 



SOURCE: NSF. Division of Science Resources Studies. Federal Funds for Research and Development, Fiscal Years 1987, 1986, and 
1989, NSF 89-304 (Washington. DC; NSF. 1989). 
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Appendix table 4-13. Federal obligations for defense and nondefense R&D. by character of work: 1960*89 



Total Basic research Applied research Development 

Total Defense Nondefense Total Defense Nondefense Total Defe nse Nondefense Total Defense Nondefe-ise 

Billions of constant 1982 dollars' — ■ — ______ 

1967 46.0 22.4 23.6 5.1 0.8 4.3 7.8 3.6 41 33.1 18.0 15.1 

1968 42.8 20.7 22.1 4.9 0.7 4.2 7.9 3.5 4.4 30.0 16.5 13 5 

1969 39.9 19.6 20.3 5.0 0.7 4.3 6,9 2.9 4.0 28.1 16.0 12 0 

1970 37.0 17.7 19.2 4.6 0.8 3.9 7.2 2.4 4.7 25.2 14.5 106 

1971 35.6 17.2 18.4 45 0.7 3.8 7.2 2.3 4.9 23.9 14.2 9.7 

1972 35.8 18.1 17.8 4.7 0.7 4.0 7.3 2.6 4.7 23.8 14.8 9.0 

1973 34.7 17.4 17.4 4.6 0.6 4.0 6.9 2.3 4.6 23.2 14.4 8.8 

1974 33.4 16.1 17.2 4.6 O.o 4.0 7.3 2.2 5.1 21.5 13.4 81 

1975 33.1 15.7 17.4 4.5 0.5 4.0 7.2 2.0 5.2 21.4 13 2 8 2 

1976 33.5 1 5.6 1 7.9 4.5 0.5 3.9 7.8 1.9 5.9 21.2 13.1 8*1 

1977 35.0 16.4 18.6 4.9 0.6 4.3 7.8 2.0 5.8 22.3 13.8 8 5 

1978 36.0 16.1 19.9 5.2 0.6 4.6 8.2 2.0 6.3 22.6 13.6 9.1 

1979 36.1 16.1 20.1 5.4 0.6 4.8 8.1 2.0 6.2 22.6 13.5 91 

1980 35.2 16.5 18.7 5.5 0.6 4.9 8.2 2.0 6.1 21.5 13.8 77 

1981 35.5 17.7 17.8 5.4 0.6 4.8 7.7 2.1 5.6 22.4 149 7.5 

1982 36.4 20.6 15.8 5.5 0.7 4.8 7.5 2.3 5.3 23.4 17.7 5 7 

1983 37.1 22.1 15.1 6.0 0.8 5.3 7.7 2.3 5.3 23.5 19.0 4.5 

1984 39.0 23.5 15.6 6.5 0.8 5.7 7.3 2.0 5.3 25.2 20.6 4.5 

1985 43.4 26.7 16.6 7.0 0.8 6.2 7.5 2.1 5.4 28.9 23.9 5.0 

1986 44.9 28.7 16.1 7.1 0.8 6.3 7.3 2.0 5.3 30.5 25.9 4 5 

1987 (est.) 46.7 29.8 16.9 7.6 0.8 6.8 7.6 2.1 5.5 31.6 27.0 4 6 

1988 (est.) 48.1 30.0 18.0 7.9 0.7 7.2 7.6 1.9 5.7 32.6 27 4 5 2 

1989 (est.) 47.7 29.7 18.1 8.1 0.7 7.4 7.4 1.9 5.5 32.1 27.0 5.1 

'See appendix table 4-1 . QNP implicit price deflators used to convert current dollars to constant 1 9S2 dollars. 

SOURCES: NSF, Federal Funds for Research and Development, Detailed Historical Tables, Fiscal Years 1986. 1987, and Iflflfl (Washington, DC; NSF): and unpublished 
tabulations. 

See text table 4-2 and figure 0>5 in Overview. 
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Appendix table 4-14. Reimbursed and unreimbursed costs Incurred for independent 
research and development (IR&D): 1976-87 

1976 1977 1978 1979 1980 1981 1982 198 3 1984 1985 1986 1987 

Millions of current dollars — 

Total IR&D costs 

Incurred by Industry . . 1.388 1,560 1,788 2,104 2,373 2,796 3,654 4,017 5,173 5.034 5,042 4,715 

Accepted by 
Government IR&D 

program 1.061 1,199 1.365 1.517 1,728 2,039 2.821 2.961 3.897 3,498 3,537 3,438 

ByDOD 5 . 598 643 708 812 1,056 1,338 1,601 1,884 2,099 2,198 2,116 

By NASA 41 46 49 54 57 66 67 7d 86 88 77 67 

Unreimbursed 476 5.«j5 673 755 859 917 1,416 1,282 1,927 1,311 1,262 1.255 

Not accepted under 

IR&D program 327 361 423 587 6 45 757 833 1,056 1,276 1.536 1.505 1.277 

60URC£S:DBfBnseCon\ta<AA\id\{Agency. SummaryoflndependentResearchandDevelopmentandBldandProposalCost. 
1979-88 (Washington. DC: Defense Contract Audit Agency, ongoing series); and NASA, unpublished tabulations. 

See figure 4-5. 
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Appendix table 4>1S. Independent research and development 
reimbursements: 1978*87 



IR&O as a percentage of 







000 and NASA 


DOD and 






DOD and 


R&O obligations 


NASA R&D 


DOD and NASA R&O 




NASA IR&D 




TAtal tn 


totals 


performed by industry^ 




reimburs&mei-it 


Total 


ingusiry' 


(a) 


(b) 




Millions of dollars 






~ Percent ■ "■■ 




692 


14,887 




4,0 


7.3 


1Q7Q 


763 


16,085 


10,079 


A 7 


7.0 


1980 


866 


17,215 


11,038 


5.0 


7.8 


1981 


1,122 


20,102 


13.027 


5.6 


8.6 


1932 


1,405 


23,701 


15,376 


5.9 


9.1 


1983 




25,654 


15,700 


6.5 


10.7 






26,195 


17,340 


7.0 


11.4 


1985 


2,188 


33,119 


20.645 


6.6 


10.6 


1986 


2,275 


36,358 


23,232 


6.2 


9.8 


1987 (est.) ... 


2,183 


40,429 


25,725 


5.3 


8.5 



Mncludes R&D porformed by federally funded research and development centers administered by the Industrial 
sector. 



^Percentages calculated as follows: numerator In (a) is total DOD end NASA R&D Including IR&D; n t ^or^^o. 
In (b) Is total DOD and NASA IR&D reimbursements, and denominator Is NASA and DOD R&D pei.wiirerl b^* 
industry, Including IR&D. 

SOURCES: Defense Contract Audit Agency, Summary of Independent Research and Davetopme'^t ar. i Did 
and Proposal Cost 1979-88 (Washington, DC: Defense Contract Audit Agency, ongoing series;; M-A 
unpublished tabulations; and NSF, Federal Funds for Research and Development: Fiscal Years 1987, 19^8, 
and 1989^ NSF 89-304. Detailed Historical Tables (Washington, DC: NSF. 1989). 
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Appendix table 4-16. Federal R&D funding by budget function: FYs ^981«d0 





















1989 


1990 


Function 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1S88 


(est.) 


(est.) 
































- Millioni! of (joilars 












33,735 


36,115 


38,768 


44,214 


49,887 


33,249 


57,069 


59.106 


61.823 


67,633 




18,413 


22,070 


24,936 


29,287 


33,698 


36,926 


39,152 


40,099 


40,574 


44,296 


Health 


3,871 


3.869 


4,298 


4,779 


5,418 


5,565 


6,556 


7,076 


7,724 


8.229 




3,111 


2,584 


2,134 


2.300 


2,725 


2,894 


3,398 


3,683 


4,589 


6,146 




1,340 


1,359 


1,502 


1,676 


1,862 


1,873 


2,042 


2,160 


2,379 


2,652 




4 


3,012 


2,578 


2,681 


2,389 


2.266 


2,053 


2,126 


2.427 


2,333 




869 


791 


876 


1,040 


1,033 


917 


908 


836 


1,019 


1,129 




1.061 


965 


952 


983 


1,059 


1,062 


1,133 


1,160 


1.208 


1,140 




659 


693 


745 


762 


836 


815 


822 


882 


910 


901 


Education, training, employment and social 
























298 


228 


189 


200 


220 


248 


267 


285 


343 


347 




143 


139 


157 


218 


193 


183 


215 


195 


212 


199 




160 


165 


177 


192 


210 


211 


223 


224 


141 


169 




106 


104 


107 


110 


114 


111 


110 


122 


134 


132 




104 


83 


44 


46 


50 


88 


99 


108 


77 


79 




34 


31 


37 


24 


47 


41 


49 


51 


45 


40 




43 


32 


32 


2o 


21 


14 


25 


23 


27 


25 




22 


10 


6 


8 


17 


14 


17 


17 


15 


17 



Note: Data for 1981-87 are shown in actual budget authority. Data for 1989 and 1990 are estimates based on the FY 1990 budget. 
SOURCE: NSF. Federal R&D Funding by Budget Function, Fiscal Years f^Sfi-sa NSF 89-306 (Washington, DC: NSF, 1989). 
See figure 4-6. 
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Appendix table 4*17. Budget authority for basic research, by function: FYs 1981-90 



1989 1990 



Function 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


1988 




rest ) 












Millions of dollars 




















. — 









Total 


5.107 


5,305 


6,247 


7,072 


7 Am 




9,021 


9.530 


10.319 


11,192 


National defense , . 


610 


696 


788 


845 


856 


960 


QOO 


QOR 


900 




Health ... 


1 951 


1 953 




2 813 


3,243 


3,324 




d nfi7 


d di a 


d 7*;ft 

•♦if 00 


Sodcs rflSfiarrh and tQrhnolofiv 








OHO 


498 


737 






1 1 m 


1 iC'fO 


General science . 


1 ,256 


1,296 


1 439 


1 606 


1,779 


1,795 


1 Q42 


2 Ofil 


9 9aa 




Enerflv 


PPD 


PfiO 




'^6R 


428 


456 


01 1 


Of 1 




oo4 


Natural rssourcpfi and environ msnt 


131 


1 W9 


1 WW 


192 


206 


204 




c 1 u 




9a 9 


TransDortation 


89 


102 


117 


12R 


255 


184 


cO 1 


1Q7 


9dQ 




Anrirulturp 


P81 




'^2fi 




406 


390 


09/^ 




•fOO 


AR7 
40 f 


International affairs ... . 


12 


10 


10 


3 


4 


5 


Q 
o 


0 

o 


9 


1 


Education, trainina emolovment and social 






















services 


66 


78 


70 


77 


86 


83 


78 


83 




Qd 

9*t 


Veterans benefits and service*" 


15 


13 


14 


15 


15 


15 


17 


17 


19 


15 


Commerce and housing credu 


17 


17 


19 


20 


23 


26 


26 


28 


28 


28 


Administration of justice 


5 


4 


4 


5 


4 


5 


6 


8 


10 


6 


Community and regional devc^lopment 


5 


7 


6 


5 


6 


6 


4 


7 


5 


4 


Income security 


3 


0 


0 


0 


0 


0 


0 


0 


0 


0 


General government 


3 


2 


3 


3 


4 


5 


4 


5 


3 


3 



Note: Data for 1 978-87 are shown in actual budget authority. Data for 1 989 and 1 990 are estimates based on the FY 1 990 budget. 
SOURCE: NSF. Federal R&D Funding by Budget Function, Fiscal Years 1988*90. NSF 89-306 (Washington, DC: NSF, 1989). 
See figure 4-6. 
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Appendix table 4-18. Industrial expenditures for R&D, by selected SIC code, character of work, and source of funds: 1986 







Total 


Federal 


Company 


Total 


Federal 


Company 


Total 


Federal 


Company 


Industry 


SIC code 


basic 


basic 


basic 


applied 


applied 


applied 


development development development 


































- Millions of dollars 








Total, all industries 




2,568 


482 


2,086 


15,611 


3,727 


11,884 


62,452 


23.574 


38,878 


Chemicals and allied 
























28 


649 


7 


642 


3,452 


137 


3,315 


4,920 


104 


4.816 


Industrial chemicals 


281-82,286 


303 


7 


296 


1,715 


136 


1,579 


2,041 


104 


1,937 


Drugs and medicines . . . 


283 


286 


0 


286 


NA 


NA 


NA 


NA 


0 


NA 


Other chemicals 


284-85,287-89 


60 


0 


60 


NA 


NA 


NA 


NA 


0 


NA 




29 


NA 


NA 


NA 


NA 


NA 


NA 


987 


3 


984 


Machinery 


35 


171 


NA 


NA 


1,475 


NA 


NA 


9,050 


994 


8.0S6 


Office, computing, and 
























357 


NA 


NA 


NA 


1,090 


NA 


NA 


NA 


NA 


6,114 


Other machinery, except 
























351-56,358-59 


NA 


NA 


NA 


385 


17 


368 


NA 


NA 


1,942 




36 


542 


105 


437 


2,533 


579 


1,954 


14,955 


6,885 


8,070 


Communication 
























366 


304 


55 


249 


1,275 


422 


853 


7.385 


3,332 


4,053 


Electronic components . . 


367 


197 


NA 


NA 


521 


NA 


NA 


2,402 


530 


1,872 


Transportation equipment . 


37 


283 


156 


127 


3,467 


1,816 


1,651 


22,621 


12,866 


9,753 


Aircraft and missiles 


372,376 


237 


154 


83 


2,719 


1,668 


1,051 


13,284 


10.277 


3.007 



SIC s Standard Industrial Ctassification. 

NA ' Not available (due to privacy/discic .ure restrictions). 

SOURCE: NSF, Division of Science Resources Studies, unpublished estimates. 
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Appendix table 4-19. R&D expenditures, and R&D expenditures as a percentage of GNP: 1961-87 



R&D expenditures^ R&D expenditures as a percentage of GNP 

West United United West United United 

France-^ Germany Japan Kingdom States France^ Germany Japan Kingdom States 



Billions of constant 1982 dollars Percent 



1961 . . 


3.2 


NA 


3.9 


8.1 


45.6 


1.4 


NA 


1.4 


2.5 


2.7 


1962. . 


3.6 


4.2 


4.4 


NA 


48.2 


1.5 


1.2 


1.5 


NA 


2.7 


1963. . 


4.0 


4.9 


4.9 


NA 


52.6 


1.6 


1.4 


1.5 


NA 


2.8 


1964. . 


5.0 


5.8 


5.5 


8.4 


57.2 


1.8 


1.6 


1.5 


2.3 


2.9 


1965. . 


5.8 


6.7 


6.1 


NA 


59.4 


2.0 


1.7 


1,6 


NA 


2.8 


1966.. 


6.3 


7.3 


6,6 


8.8 


62.6 


2.1 


1.8 


1.5 


2.3 


2.8 


1967.., 


6.8 


7.9 


7.6 


8.9 


64.4 


2.2 


2.0 


1.6 


2.3 


2.8 


1968... 


7.0 


8.4 


9.0 


9.1 


65.5 


2.1 


2.0 


1.7 


2.2 


2.8 


1969. . 


7,1 


8.3 


10.5 


9.4 


64.7 


2.0 


1.8 


1.7 


2.3 


2.7 


1970. .. 


7.1 


9.9 


12,4 


NA 


62.4 


1.9 


2.1 


1.9 


NA 


2.6 


1971 . . . 


7.4 


10.9 


13.3 


NA 


60.4 


1.9 


2.2 


1.9 


NA 


2.4 


1972 . . . 


7.7 


11.4 


14,7 


9.3 


61.4 


1.9 


2.2 


1.9 


2.1 


2.3 


1973.. . 


7,7 


11.3 


16.1 


NA 


62.4 


1.8 


2,1 


2.0 


NA 


2.3 


1974. . . 


8.1 


11,5 


16.4 


NA 


61.5 


1.8 


2.1 


2.0 


NA 


2.2 


1975. . . 


8.1 


11.9 


16,7 


10.1 


59.9 


1.8 


2.2 


2.0 


2.1 


2.2 


1976 . . . 


8.4 


12,1 


17.3 


NA 


62.1 


1.8 


2.1 


2.0 


NA 


2.2 


1977. .. 


8.6 


12.4 


18.0 


NA 


63,7 


1.8 


2.1 


2.0 


NA 


2.1 


1978... 


8.9 


13,3 


19.1 


11,1 


66,8 


1.6 


2.2 


2.0 


2.2 


2.1 


1979. .. 


9,4 


15.0 


21.0 


NA 


70.1 


1.8 


2.4 


2.1 


NA 


2.2 


1980 . . . 


9.8 


15.3 


23.1 


NA 


73,2 


1.8 


2.4 


2.2 


NA 


2.3 


1981 ... 


10.8 


15.9 


25.5 


12.2 


76.6 


2.0 


2.5 


2.3 


2.4 


2.4 


1982... 


11.5 


16.3 


27.4 


NA 


79.4 


2.1 


2.6 


2.4 


NA 


2.5 


1983 . . . 


11.9 


16.4 


29.9 


11.9 


84.0 


2.1 


2.6 


2.6 


2.2 


2.6 


1984. . . 


12.6 


16.9 


32.4 


NA 


90.7 


2.2 


2.6 


2.6 


NA 


2.6 


1985... 


13.1 


18.5 


36,1 


12.9 


97.0 


2.3 


2.8 


2.8 


2.3 


2.7 


1986. . . 


13.6 


18.6 


36.6 


13.8 


98.6 


2.3 


2.7 


2.8 


2.4 


2.7 


1987... 


13.7 


19,4 


39.1 


NA 


100.8 


2.3 


2.8 


2.9 


NA 


2.6 



NA a Not available. 

^Conversions of foreigncurrenciostoU.S. dollars are calculated withOECDpurchasingpowerpari^ 
are based on U.S. Department of Commerce GNP implicit price deflators. 

^French data are based on Gross Domestic Product (GDP); consequently, percentages may be slightly overstated compared to GNP. 
SOURCES: NSF; Organisation for Economic Co*operation and Development (OECD); Intematlonal Monetary Fund; and national sources. 
See figures 0-1 and 0-2 in Overview. 
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Appendix table 4-20. Estimated nondefense R&D expenditures, and R&D expenditures as a 

percentage of GNP: 1971*87 







West 




United 


United 




West 




United 


Unite 




France 


Germany 


Japan 


Kingdom 


States 


Trance' 


Germany 


Japan 


Kingdom 


State 






Billions of constant 1982 dollars^ ^ 














" — 




As a percentage of GNP — 




1971 . . . 


5.7 


4f\<i 
1l>.1 


13.2 


Kl A 

NA 


42.1 


1.5 


2.0 


1.9 


NA 


1.7 


1972 ... 


6.1 


10.7 


14.D 


6.9 


42.3 


1.5 


2.1 


1.9 


1.5 


1.6 


1973 . . . 


6.0 


10.5 


16.0 


NA 


44.3 


1.4 


1.9 


2.0 


NA 


1.6 




6.5 


10.7 


16.0 


Kl A 

NA 


44.8 


1.4 


2.0 


2.0 


NA 


1.6 


1975 ... 


6.6 


11.2 


16.6 


7.2 


43.6 


1.5 


2.1 


2.0 


1.5 


1.6 


1976 . . . 


6.8 


1 1.3 


17.2 


Kl A 

NA 


45.6 


1.4 


2.0 


2.0 


NA 


1.6 


1977 . . . 


7.0 


1 1 .6 


17.9 




46.0 


1.4 


2.0 


2.0 


NA 


1.6 


1978 . . . 


7.1 


12.5 


18.9 


8.0 


48.9 


1.4 


2.1 


2.0 


1.6 


1.6 


1979 ... 


7.4 


14.2 


20.8 


NA 


52.5 


1.4 


2.3 


2.1 


NA 


1.6 


198U ... 


7.6 


14.5 


23.0 


NA 


55.8 


1.4 


2.3 


2.2 


NA 


1.7 




8.1 


15.2 


25.4 


8.7 


57.0 


1.5 


2.4 


2.3 


1.7 


1.8 


1982 


9.0 


15.6 


27.2 


NA 


57.3 


1.6 


2.5 


2.4 


NA 


1.8 


1983 ... 


9.4 


15.7 


29.7 


8.4 


60.0 


1.7 


2.5 


2.5 


1.6 


1.8 


1984 .... 


9.9 


16.2 


32.2 


NA 


63.5 


1.7 


2.5 


2.6 


NA 


1.8 


1985 .... 


. . 10.5 


17.6 


35.0 


9.2 


66.6 


1.8 


2.6 


2.8 


1.6 


1.8 


1986 


. . 10.9 


17.7 


30.3 


10.3 


66.2 


1.8 


2.6 


2.8 


1.8 


1.8 


1987 .... 


. . 10.9 


18.4 


36.8 


NA 


67.5 


1.8 


2.6 


2.8 


NA 


1.8 



NA « Not available. 

•French data are based on gross domestic product; consequently, percentages may be slightly overstated compared to GNP. 

'Foreign currency conversions to U.S. dollars are calculated with purchasing power parity exchange rates of the Organisation for Economic 
Co-operation and Development. See appendix table 4-1 for GNP Implicit price deflators used to convert current dollars to constant 1 982 
dollars. 

Note: After 1 977. U.S. data are budg ji authority instead of budget obligations. 

SOURCES: NSF; Organisation for Economic Co-operation and Development (OECD); International Monetary Fund; and national sources. 
See figure 0-3 in Overview. 
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Appendix table 4-21. Baste research expenditures as a 
percentage of totai R&D: 1975-86 



West United United 

France Germany Japan Kingdom States 









Percent 






1975 , ,, 


NA 


26 


15 


14 


13 


1976 


NA 


25 


18 


13 


13 


1977 


.... 21 


25 


17 


13 


13 


1978 


. . . , NA 


22 


18 


13 


13 


1979 


21 


20 


17 


13 


13 


1980 


21 


21 


15 


13 


13 


1981 


.... 21 


21 


15 


12 


13 


1982 


21 


21 


15 


NA 


13 


1983 


.... 21 


20 


15 


NA 


13 


1984 


.... 20 


NA 


14 


NA 


12 


1985 


, . , . 20 


18 


13 


NA 


12 


1986 


, , , . 20 


NA 


13 


NA 


12 


1987 


.... NA 


NA 


NA 


NA 


12 



NA^Not available. 

Notes: Data for basic research are somewhat less reilahio than those for total R&D 
expenditures. Each percentage generally relates to the tptai current R&D expendi- 
tures; for counti'ies other than the United States, this may include some general 
university funds. Data for France and the United Kingdom are estimated for certain 
year^. 

SOURCES: NSF; Organisation for Economic Co-operation and Development 
(OECD); and national sources. 

See figure 4-7. 
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Appendix table 4'22. R&O appropriations, by socioeconomic objective: 1987 







lA/oct 




1 InitoH 


1 Initort 




rroncu 


uturrnciny 


Japan 


iXinyoorn 


Oiai6d 




— - 





' Percent 






Total 


. . 100.0 


100.0 


100.0 


100.0 


100.0 




3.D 


O A 


A A 

4.0 


A O 

4.e 






4 A C 


10.3 


A O 

4.0 




0.2 






8.7 


23.2 


3.0 


^a c 
3.0 






1.9 


4 Q 

l.O 


4 C 

1 .0 


4 O 


TransporianQteiecomrriunications «. 


/1\ 
( J 


/i\ 

y) 


1 .4 


U.4 


1 .0 




/1\ 


( ) 


A A 

U.4 


i o 
1 .c 


O.e 




A A 


3.3 


A C 

0.0 


4 A 
1 .0 


A C 

0.0 




Q C 


3.2 


O A 


A Q 

4.3 


4 i 




O T 


2.3 


4 A 
1 .0 


4 e 
1.0 


i A 

1 .0 






1.9 


4 t\ 

1.0 


4 7 

1 .7 


A ^ 

0.7 






43.8 


SO. 8 


20.2 


O.D 






12.3 


7.3 


4.6 


3.6 






31.5 


43.5 


15.6 


(2) 






4.9 


6.1 


2.7 


6.0 




34.1 


12.5 


4.5 


S0.3 


68.6 




1.0 


0.1 




0.3 





^Nol separately available but Included in subtotal. 

^The D.'ilted States does not have an equivalent to Europe's and Japan's general university funds. 

Notes: Percentages may not add to 1 00 because of rounding. Additionally^ because of general university funds 
and slight differences In accounting practices, the distribution of government budgets among socioeconomic 
objectives may not completely reflectthe actual distribution of government-funded research In particular fields. 
Japanese data are based on science and technology budget data, which Include items other than R&D. 
Nevertheless, such Items are a small proportion of the budget, and the data may still be used as anapproximate 
indicator of relative government emphasis on R&D by objective. 

SOURCES: NSF; Organisation for Economic Go-operation and Development (OECD); and national sources 
for Japan. 

See figure 4-8. 
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Appendix table 4-23. Academic and academically related research, by field and 

country: 1987 





United 


West 




The 


United 




Field 


Kingdom 


Germany 


France 


Netherlands 


States 


Japan 








Millions of dollars 


















Total 


2,821 


3,979 


3,211 


960 


14,897 


3,738 




447 


492 


359 


109 


1,963 


809 




550 


1.012 


955 


207 


2,324 


543 




187 


181 


172 


27 


859 


137 


Mathematics and computer 
















211 


151 


175 


34 


593 


88 




865 


1,459 


1.116 


318 


7,285 


1,261 


Social sciences and psychology 


187 


195 


146 


100 


754 


145 


Professional and vocational . . . 


157 


203 


67 


82 


490 


369 




178 


254 


218 


82 


411 


358 




39 


32 


3 


1 


218 


28 



^ Research not elsewhere classified. 
Note: Data are preliminary. 

SOURCE: B.R. Martin. J. Irvine, and P. Isard. International Trends in Government Funding of Academic and Related 
Research (Sussex, England: Science Policy Research Uniti forthcoming). 

See figure 4-9. 
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Appendix table 4*24. Overview of state science and technology agencies 





S&T aoencv 


Year 

crfistfid 


Organizational 
structure 


Role 


Total 
funding 

CV 1QQ7 


Personnel 

r T 1 900 


uonimenis 


Arkansas 


S&T Authorltv 


1983 


Independent state agency Operating 


—Thousands 
of dollars*- 

4£|/0U 




v) 


California , 


Office of ConfiMtitivfi 
Technology 


1989 


Within state Department 
of Commerce 


Operating 


7 nnn 


D 




Florida 


, . High Technology & 
Industrial Council 


1984 


Within Office of the 
Governor 


Advisory and 
operating 


6,858 


3 




Illinois 


. Governor's Commission 
on S&T 


1983 


Within state Department 
of Commerce & 
Community Affairs 


Operating 


6,175 


10 




Massachusetts . . 


. Centers of Excellence 
Corporation 


1985 


Quasl-publlo organization 


Operating 


1,645 


7 






. Governor's Office of S&T 


1983 


Within state Department 
of Trade & Economic 
Development 


Advisory and 
operating 


2,609 


11 






. Commission on S&T 


1985 


Independent state agency 


Operating 


27,031 


15 






. S&T Foundation 


1963 


Independent state agency 


Operating 


24,200 


26 


(«) 


North Carolina . . 


. Board of S&T 


1963 


Within state Department 
of Administration 


Advisory 


1,418 


4 




Ohio 


. Thomas Edison Program 


1983 


Within state Department 
of Development 


Advisory and 
operating 


32,800 


27 






. Center for the 
Advancement of S&T 


1987 


Independent state agency 


Operating 


11,000 
{*) 


11 




Pennsylvania . . . 


. Ben Franl<lif^ Partnership 


1983 


Within state Department 
of Commerce 


Operating 


36,475 


7 






. Offico of Advanced 
Technology 


1988 


Within state Department 
of Commerce 


Advisory 


78 


2 





^President of S&T Authority is unofficial science advisor to the governor. 
^S&T agency director Is governor's science advisor* 
^Dataarefor FY 1989. 
^Dataarefor FY 1988. 

SOURCE: W.H. Lambright. E M. Price, and A.H. Telch, State S&T indicators: An Exploratory Profile and Analysis (Syracuse: Science and Technology Policy Center, 
forthcoming). 
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Appendix table 4*25. State science and technology agency expenditures, by type of program: 1988^ 



Agency-supported R&D «'''«"""^ 
— - — 1 — — equipment Technology Business 

S&T agency Total Centers Projects and facilities transfer development 











Thousands of dollars — 








900 




900 




1,400 




















3,650 




3,850 


1,300 


1,500 












3,750 


1,925 






1,000 




1,000 


(2,3) 














75 








14,684 


12,034 


2,650 


6,962 1,65C 


780 






13,700 






150 


3,300 






400 




400 


{«) 100 




Ohio 




17,500- 


15,000- 












22,500 


20,000 


2,580 


1,875 


2,7rf> 






7.910 


5,000 


2,910 


2,900 100 


90 






29,450 


28,450 


1,000 


3,0005 


4,000 



Texas Office of Advanced Technology 0 

^Data for Florida, Illinois. Massachusetts, and Pennsylvania are for FY 1987; all others are for FY 1988. 
^Indicates presence of program(s); quantitative information not availt?ble. 
^Support only; no funds. 

^North Carolina ended Its grants program In 1 988. 
^Oata are for 1988. Does not include tax credit program. 

SOURCE: W.H. Lambright, E.M. Price, and A.H. Telch, Sfafe S&T hidlcators: An Exploratoiy Profile and Analysis (Syracuse: Science and Technology Policy Center, 
forthcoming). 
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Appendix table 4'26. R&D expenditures at doctorate«granting Institutions, by source of funds and state: FYs 1976 and 1987 



Federal State and Institutional All other 

Total Government local governments Industry funds sources 





197e 


1987 


1976 


1987 


1978 


1987 


1978 


1987 


1978 


1987 


1978 


1987 








-*•* 




~ Thousands of current dollars 







~ 


— 


— 


Total, all states . 


4,540,256 


11,930,997 ! 


1,004,930 


7,230,217 


406,509 1,003,449 


166,271 


764,088 


610,068 


2,109,547 


352,478 


823,696 


Alabama 


45,734 


152.925 


30 376 


85 382 


*7 Any 


16,449 


805 


1 VI, 9 1 0 


H, 1 cO 


00 Q1 Q 

£9,91 9 


ni R 

w,U 1 0 


m o(;q 

iU,c09 


Alaska 


39,367 


?M92 


26,591 


14,454 


1 ,229 


o n4 
2,919 


1,105 


1,217 


9 47P 


11 056 
< 1 ,WwW 


974 
9 f *t 


54fi 




49,805 


lb 1,263 


26,208 


80,955 


lU,1 99 


o,900 


3.885 


1 7,456 


6,834 


Cl ,644 


P 679 

b,U r w 


IP 943 

1 b ,C«*rw 




20,605 


35,529 


7,889 


12,257 




Q OCO 

9. 352 


608 


2,829 


11 159 

11,1 WW 


8 QP8 

W ,WbW 


41P 

*r 1 b 


3 063 

W,WWW 


California 


585,822 


1,551,801 


451,132 


1,062,819 


4 A CCQ 

14,669 


OC "TOO 

36, 739 


4.621 


72,260 


73 697 

r w.Uw r 


P89 604 

bWw ,UW*t 


41 703 

*t 1 , r WW 


9U,wr 9 


Colorado 


86,832 


185.699 


65,048 


136,003 


R one 


Q 774 


3,216 


8,728 


7 575 

f ,W f w 


17 68P 

1 r ,WWb 


5 787 

w, r w r 


14 515 

1 *t,W 1 W 


Connecticut . . . 


89,078 


230,790 


68,860 


155,717 


1 ,0 f f 


O A QC 

2,49o 


1,264 


9,298 


1 1,203 


39.761 


6 074 

W.W f "T 


23 51 Q 

6w,w 1 9 




1 1 ,575 


31,681 


6,787 


13,662 


409 


1 ,995 


1,546 


3 659 


P PQl 


ID 1 17 


Ow£ 


P PAR 


District of 


























Columbia . . . 


45,506 


65,470 


35,282 


62,968 


12/ 


484 


2,187 


4,192 


2.957 


1 1 ,642 


4 953 

*r, www 


6 184 

w, 1 w*t 


Florida 


107,629 


252,303 


59,642 


128,868 


C 4 QQ 

0.1 o9 


4 O 0>( 4 

1o,o41 


3,829 


20 730 


20 575 


72 419 

f b,"T 1 W 


18 394 

1 W,WW"T 


16 945 

1 W , wtw 


Georgia 


100,308 


324,160 


50,587 


149.556 


Q 4 cn 
0,1 DU 


o9,n0o 


5,324 


33 568 


38 167 

WW, 1 U r 


91 946 

W 1 ,W"TW 


w,UwU 


9 dR7 


Hawaii . ... 


31,971 


57,345 


19,781 


34,472 


4 n OQo 


19, o1 1 


108 


261 


791 


P 591 


899 

www 


704 

f WH 


Idaho 


13,442 


24,779 


5,898 


8,988 


4, (cm 


D O 4 > 


472 


2,899 


1 552 

1 ,WWb 


4 436 


www 


14P 

1 "Tb 




198,715 


498,221 


134,862 


293,929 


b,Ub4 


on c 4 n 
0O.6I 0 


8,231 


23.791 


31 985 

w 1 1 www 


117 8P6 

1 1 r ,WbW 


17 573 

1 r ,W r W 


3P n65 

Wb|UUw 


Indiana 


79,991 


188,086 


55,131 


111,413 


0.791 


15.772 


4,272 


17,203 


10,947 


37 6P7 

W r . Wb r 


P 850 

b,WWW 


6 071 




67,257 


157,482 


34,217 


76,862 




4 C CC4 


2,566 


6,212 


14 958 

1 ^1 wWU 


49 668 

"TW, www 


P 909 

b,wW w 


089 

V, Www 




38,169 


93,931 


1 5,497 


37,386 


1 1 yHI ( 


on no 4 


1,101 


5,433 


8 gps 

U, WbW 


P7 607 

b r ,W W r 


1 16Q 


3 474 


Kentucky 


33,148 


78,008 


19.647 


30,778 




4 n Q>i 4 
10,o41 


2,782 


6 715 


P 760 


P6 545 

bW ,w*tW 


4Q1 

H9 1 


w, lC9 




57,230 


148,563 


18,829 


54,367 


4 a one 
1o,2Ub 


04 a cn 


1,445 


7 154 


11,816 


4P 639 

"Tb, www 


6 934 

W, WW"T 


IP 55^^ 

1 £,www 


Maine 


11,022 


16,952 


5,392 


7.787 


CC4 

bb1 


Q 4 c 


750 


2,051 


3,691 


5,740 


63R 

Oww 


1 059 

1 ,Www 


Maryland 


112,697 


709,985 


86,322 


575,176 


Q ceo 


\if\ 4 no 

50,198 


1,152 


PS 577 


7,243 


52 31 1 

Wb,W 1 1 


8 3P8 

W,WbW 


6 7P3 

W| r Cw 


Massachusetts . 


298,231 


719,072 


240,439 


536.435 


A 

4,7ob 


4 0 QOO 


12,253 


59 993 


12,297 


36,792 


P8 506 


67 454 

W f jtWr 


Michigan 


171,295 


396,786 


99.129 


208,017 


4 O ^AA 


on Q>1 Q 


10,328 


25,072 


34,758 


1 03 788 

1 WW, f WW 


14 336 

1 *r,www 


P9 566 

C9,WWW 


Minnesota 


94,706 


222,361 


53,265 


109.003 


4 n ccR 
1 U,obO 


Q7 OD7 

3/,2o/ 


2,851 


1 1 ,056 


20 539 

mW , www 


39 371 

WW , W f 1 


7 386 

r ,WwW 


P5 664 

6w,WW*t 


Mississippi .... 


29,563 


57.622 


10.721 


22,492 


Q >1 4 Q 


16,667 


793 


4 170 


7,641 


8 897 

w,ww r 


989 

www 


w,w9W 


Missouri 


96,747 


207.020 


60,646 


113.458 


/^ibDU 


4 4 77Q 

1 1,779 


1 751 


19,122 


18,746 


50 P68 

WW ,b WW 


7 954 

f |WwH 


12 393 


Montana 


15,548 


29,515 


7,829 


9.910 


o,uby 


o,626 


928 


3,126 


1,642 


7 853 

r ,www 


80 

WW 


n 
u 


Nebraska 


34,706 


71,730 


14.587 


32,934 


564 


4 c n7>i 
lb,U74 


1,385 


4.185 


16,951 


14,976 


1 219 

1 ,b 1 W 


3 561 

W,WW 1 


Nevada 


10,500 


28,070 


4,227 


13.608 


0 ooo 


4 Q4 0 

1 ,912 


1,025 


4 065 


1 752 

1 , r Wb 


7 8P4 


bww 


661 


New Hampshire 


16,332 


47,790 


11,431 


34,633 


7o2 


0 n>( c 
2,045 


381 


2,081 


2 525 


4 976 

■T,W f W 


1 P13 

1 ,b 1 w 


L 055 

t. Www 


New Jersey . . . 


68,387 


215,580 


40,846 


96,048 


ft QCn 

D,9DU 


07 A QQ 


3,505 


11,910 


12,932 


55 142 

WW I ' ~b 


4 144 


14 991 

1 "T, W W 1 


New Mexico . . . 


38,501 


127,714 


29,753 


75,923 


o,yDU 


4 *9 nno 
1 7,908 


2,466 


20,123 


1,793 


9 756 

w, > wW 


ww9 


L OOd 

H, wUH 


New York , 


482,103 


1.130,142 


334,141 


769,178 


OO OQ"> 


CO 4 

52.771 


17,851 


62,499 


57 c)56 


1 37 090 

1 W r , W WW 


75R 

H9, r WW 


10R 6nA 


North Carolina . 


101,864 


313,819 


66.931 


195.177 


on f\AA 

£U,U41 


ZiA QQ7 

54,097 


4,721 


23.825 


3,271 


25 757 

bW, f w f 


6 900 
w, www 


14 16"^ 

1 H, 1 Ow 


North Dakota . . 


14,070 


38,984 


5,666 


1 7,492 


o,obo 


4 C 07C 

^5,o7b 


1,303 


2,134 


1,329 


3 701 

W, f W 1 


P06 

bWW 


281 

bW 1 


Ohio 


136,891 


328,772 


80,770 


193,061 


4 4 *7Q4 

1 1 1 


f\A Qno 
o4,90o 


6,351 


22,360 


17 sgp 


46 9P4 

tW, Wbt 


PQ 097 

bW,Ww r 


31 524 

W 1 fW6*T 


Oklahoma 


30,579 


99.116 


14,834 


25,908 


Q 704 


0 oon 


1,477 


6,738 


4 107 

t, 1 W f 


57 6PQ 

W f , WbW 


44n 


5 470 

w,*tf W 


Oregon 


56,129 


132,255 


34,975 


81,932 


1 U,boU 


40 fiylR 
10,b45 


2,823 


4,059 


2 562 


IP 936 

1 b, www 


5 089 

w.WOw 


14 68') 

1 *T, Www 


Pennsylvania . . 


239,892 


604,832 


163,399 


387,038 


R 1 1 Q 

W|1 1 0 




14,231 


61,299 


37 QB5 

w r ,w WW 


76 500 

r W,wWW 


PQ 084 

bW, WwH 


55 766 

WW, r OU 


Rhode Island . . 


24,121 


65,516 


21,731 


51,313 


598 


2,136 


411 


5,380 


906 


5,293 


475 

tf w 


1 394 


South Carolina . 


23,452 


95.811 


10,998 


34,350 


8,207 


14,061 


1,084 


6,184 


1,744 


37 1 10 

w r , 1 1 W 


1 419 

1 it 1 w 


4 106 


South Dakota . . 


:,789 


11,513 


3,936 


5,188 


346 


4,700 


438 


482 


3 g4P 

W, Wtb 


875 

w r w 


127 
1 b f 


P6R 

bOw 


Tennessee 


52,063 


144,144 


35,630 


80,820 


6,352 


25.789 


3,414 


13,792 


4,702 


19,232 


1,965 


4,511 




266,945 


810,993 


162,254 


403,298 


38,444 


89,468 


7.121 


46,295 


31,637 


172,935 


27,489 


98,997 


Utah 


52,279 


120,878 


38,542 


81,355 


5.510 


13.412 


2,481 


5,734 


3,213 


16,178 


2,533 


4,199 


Vermont 


13,636 


31,547 


10,158 


22,289 


?V9 


1,805 


145 


2,877 


1,651 


3,330 


703 


1,246 


Virginia 


62.765 


206,621 


42,388 


116,654 


10,629 


36,400 


4,886 


18,103 


3,440 


27,110 


1,422 


8,354 


Washington . . . 


112,177 


235,927 


84,775 


166,458 


15,307 


5,561 


3,930 


21,183 


393 


33,623 


7,772 


9,102 


West Virginia , . 


11.075 


26,704 


6,480 


13.011 


3,532 


871 


311 


884 


264 


10,736 


488 


1,202 


Wisconsin 


125,463 


303,188 


77,018 


171,704 


21,922 


49,818 


3.153 


11,992 


14,832 


45,196 


8,538 


24,478 


Wyoming 


10,160 


17,316 


6,155 


8,701 


184 


1,129 


1,162 


1,216 


2,649 


6,176 


10 


94 



(continued) 
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Appendix table 4"26. (Continued) 



Federal State and Institutional All other 

Total Government local governnfients Industry funds sources 





1978 


1987 


1978 


1987 

I w w r 


1978 


1987 


1978 


1987 


1Q78 

1 w r O 


1Qfl7 

1 90 r 


1 w r o 


iQn7 
















Thousands of constant 1982 dollars 


— . 































Total, all states 


6,330.530 


10,090,491 i 


U 89,808 


6,114,866 


566,800 


848,654 


231,834 


646,218 


850,625 ' 


1,784,123 


491,464 


696,631 


Alabama 


R*? 7R7 




49 ^54 


7? ?1 1 


10,328 


13,912 


1,122 


9,232 




OR Qn/1 

c9.oU4 


A onfi 


0,0 ro 


Alaska 




Cw, WWW 


37 076 

W r 1 W r W 


1? ??4 


1,708 


2,469 


1,541 


1.029 


1 W,CW f 


Q QRO 


1 ,090 


A CO 
40c 


Arizona 


69,444 


153 301 

1 WW, Ww 1 


36 542 

WW, W*Tb 


68 467 

WW,*TW r 


14,221 


7,582 


5,417 


14,763 




RO 1 QR 
wc, 1 09 


3 73R 
0, r 09 


in QRA 
1 v,09«f 


Arkansas 


28,730 


30 048 

W w, w*tW 


1 1 000 

1 1 }WWV 


10 366 


749 


7,909 


848 


2,393 




R 700 


R7A 
9f 


0 RQr^ 
C,09U 


California 


816 81f) 


1 312416 

1 ,W 1 C,*T 1 u 


629 018 

Ub W|W 1 O 


8Q8 866 

OwO,OOM 


20,453 


31,072 


6,443 


61,113 


1 wC, r w f 


oaa qoq 


CD A A7 
90, 1 


7R AQ7 
f D.*fOf 


Colorado 


121,071 


157 053 

1 W r , W W W 


90 697 

WW,WW t 


115 023 

1 1 W,WbW 


7,259 


7,418 


4,484 


7.382 


in RRO 


1A QRA 


fl HRQ 
0,U09 


1 0 07R 
ICiCf 0 


Connecticut 




195 188 

1 wW, 1 WW 


98 012 

WW,W 1 b 


131 6Q6 

1 W 1 lOwO 


2,338 


2,110 


1,762 


7,864 


^ Ron 


R07 
00|0c f 


fl AflQ 


1Q flQl 
l9,09l 


DslawarA . 


16 139 


26,794 


9 463 

W|*tww 


1 1 R54 


570 


1,687 


2,156 


3,095 


'\ ORQ 


fl RRR 
0,990 


flfll 
00 1 


1 Qni 

1 ,9U1 


District of 


























Columbia 


63,450 


72,285 


49 194 

•tw, I W~ 


53 254 

WW,bW"t 


177 


409 


3,049 


3,545 


A 1 0*5 
H, 1 cw 


Q fiAR 


R QHR 
0,9U0 


R OQn 

O.cOU 


Florida 


1 50 068 

1 WW, www 


213 382 


83 160 

WW| 1 WW 


108 988 


7,235 


1 1 ,283 


5.339 


17,532 


Ofl Rfifi 


R1 0A7 
01 iCHr 


OR RA7 
c9,0<f f 


1A QQ1 
14,001 


Georoia 


139 861 


274 1 54 

C r *T, 1 W~ 


70 534 

r W,WW*t 


1 26 485 


4,392 


33,494 


7,423 


28,390 


(;3 017 
90, c1 r 


77 7R0 
r r.rOc 


A OQA 


fl nOA 


Hawaii . . . 


44,578 


48 499 


27 581 

b f ,WO I 


29 154 

6W, 1 W*T 


14,490 


16,337 


151 


221 


1 103 

1 , 1 WW 


0 1Q1 

C,1 91 


1 ORQ 
1 ,c90 


RQc; 

099 


Idaho .... 


18,742 


20,957 


8,224 


7,601 


6,581 


7,031 


658 


2,452 


9 Ifid 

C, 1 wH 


3 7R0 

O, r WC 


1 1 1R 

1 , 1 1 w 


1 on 

1 c w 


Illinois 


277,071 


421 364 


1 88 040 


2d8 587 


8,455 


25.888 


11,477 


20,121 




99,09U 


OA RHO 
c<f,9Uc 


07 1 1 Q 

C f ,1 1 9 


Indiana 


1 1 1,532 


159,071 


76 870 

r W|U r \J 


94 226 


9,469 


13,339 


5,956 


1 4.549 


1 ^ ORA 


Q1 flOQ 
01 ,OcO 


Q Q7A 
0,9f *f 


c; 1QA 
9,1o4 


Iowa 


93,777 


133 188 

1 W W , 1 WW 


47,709 


65 005 

uw,www 


17,578 


14,082 


3,578 


5,254 


on RRR 


AO noR 

<fc,wwO 


A ORR 
Hiw90 


R flAI 
0,041 


Kansas 


53,219 


79,441 


21 608 

b 1 ,wwu 


31 619 

W I ,W 1 W 


16,003 


16,941 


1,535 


4,595 


1 9 4d4 


03 3Aft 
cO.OHO 


1 RQO 
1 ,00w 


0 QQfl 
c,900 


Kfintuckv 


46,219 


85 974 

UW, w r *t 


27 394 

b r 1 ww*t 


96 030 
CO, www 


10,413 


9.169 


3,879 


5,679 


Q AAA 


00 ARO 
cc,<f9U 


009 


0 flAfl 
C|040 


Louisiana 


79,796 


125,645 


26 253 

b W,bWW 


45 980 

*fW, www 


25,385 


26,937 


2,015 


6,050 


1R A7R 

1 0,H r W 


QR ORI 


Q RRfl 
9,000 


in R17 
1 U,01 f 


Maine 


15 368 


14,337 


7 518 

r ,W 1 U 


6 586 

U,WwW 


768 


266 


1,046 


1,735 


R 1AR 
9, 1 HO 


A RRR 
<f.099 


flon 

09U 


090 


Maryland 


157 135 

1 W r , I WW 


800 481 


120 360 

1 bW)WUw 


486 448 

*T W W 1 *T*T W 


13,458 


42,454 


1,606 


21,631 


in nQQ 

1 w,U«79 


AA 0A1 


1 1 R1 0 

1 1 ,01 c 


R RflR 
9|000 


Massachusetts 


415,827 


608 1 46 

www , 1 ~\0 


335,247 


453 683 

*t WW, www 


6,603 


15,560 


17,084 


50.738 


17 1AR 

1 r , 1 HO 


31 1 1 R 
0 ( , 1 10 


QQ 7AR 
09, r ^0 


R7 nAR 
9 f ,wH0 


Michloan 


238 839 

b WW, Www 


335 577 

www , W r r 


138 217 

1 Ww,b 1 r 


175 928 

1 r WfWbW 


17,769 


25,662 


14.400 


21.204 


HO,Hww 


fl7 777 


1 Q QflQ 
1 9,909 


c9,UU9 


Minnesota 


1 32 050 

1 W7b , www 


188 076 

1 WW, W r W 


74 268 

r *t,bWW 


92 188 

wb, 1 WW 


14,870 


31.535 


3,975 


9.350 


OA R'^fi 

Cw,OwO 


00.C90 


in OQfl 
1 U,C90 


01 7n*? 

CI ,f U9 


Misslssiooi 


41,220 


48 733 

■tW, r WW 


Id Qd8 


19 022 

1 W|Wbb 


13,133 


14,096 


1,106 


3,527 


10 rra 

1 w,09H 


7 KOK 
f .9c9 


1 Q7Q 

1 ,0r 9 


A RRA 
4,004 


Missouri 




1 75 085 

1 r W,wOW 


84 5SQ 

0*T,WWw 


9w,wwo 


10,666 


9,962 


2,441 


16.172 


OR 1 Qfi 
60, 1 00 


AO Rl A 


1 1 non 

1 1 ,U9U 


1U,4o1 


Montana 


21 679 

b 1 , w r w 


24,962 


10 916 

1 W, w 1 U 


8 381 


7,068 


7,295 


1,294 


2,644 


0 ORQ 
c,c09 


R RAO 
0,0*fc 


110 

11^ 


u 


Nebraska 


48 391 


60 665 

WW, www 


20 339 

bW, www 


27 854 

b r |UW*T 


786 


13,594 


1,931 


3,539 


60,009 


1 0 RRR 
1 c,000 


1 7nn 

1 , r UU 


Q ni 0 

0,U1 c 


Nevada 


14,640 


23 740 

C W, r *tW 


5 894 


11 SOQ 

1 1 ,Www 


4,508 


1,617 


1,429 


3,438 




R R1 7 
0,01 r 


QR7 
00 r 


CCQ 
999 


New Hamoshire 


22,772 


40,418 


15 938 

1 W|WWU 


29 290 

b W,b WW 


1,090 


1,730 


631 


1.760 


'\ R01 
0,9c 1 




1 RQ1 

1 ,09l 


Q AOQ 
0,4c9 


New Jersev 


95 353 

WW 1 www 


182,324 


56 952 

WU, wWb 


81 231 

U 1 ,bW 1 


9,704 


31,706 


4,887 


10,073 


18 031 

1 0,ww 1 


AR R3R 

HO.OOO 


R 77fl 
w, r r 0 


1 0 R7fl 
1 c,Of 0 


New Mexico 


53 682 


108 013 

1 WW, W 1 w 


41 485 


64 21 1 

U*f ,b 1 1 


5,508 


15,145 


3,438 


17,019 


0 Ron 

c,9ww 


fi ORI 
0,c9 1 


7R0 
^9c 


Q Qflfl 
0,000 


New York 


672,202 


955 803 

WWW,UWW 


465 897 

*tWw,Ow r 


650 523 

UWwjWb W 


31,228 


44,630 


24,890 


52,858 


fin fiOQ 

0w,0w9 


1 1 R QAO 


RQ Q7fl 
09|0r 0 


Q1 flRn 
91 ,09U 


North Carolina 


142,030 


265 408 

b WW,*T WW 


93,323 


165 069 

1 w W , W W w 


27,943 


46,428 


6.583 


20,150 


A 561 


51 7fiA 
6 1 , r OH 


Q R01 
sr,0c1 


1 1 Q7fl 
1 1 ,9f 0 


North Dakota 


19 618 

I W|W w 


32,970 


7 900 

r ,www 


14 794 

1 "t, f W"t 


7,761 


13,004 


1,817 


1.805 


1 fiRQ 
1 ,090 


3 IQO 
0, 1 OU 


0fl7 
cO r 


OQfl 
cOO 


Ohio 


190 869 


278 0«»5 

b r U,WwW 


112 619 

1 1 Gt,W 1 W 


1 63 27Q 

1 Ow,b r w 


16,426 


29,519 


8,855 


18,911 


OA QA7 


RfiR 
09.009 


ofl f\o^ 

cO,Uc1 


OR RRI 
cO,001 


Oklahoma 

Vvr%iui IWI 1 iM . . . • 


42,637 


83 826 

UW,Ub w 


20 683 

bW, www 


21 911 

b 1 |W 1 1 


13,554 


2.859 


2,059 


5.699 


R 70R 

Wf r cO 


Afi 731 
HO, r O 1 


R1 Q 
01 0 


A ROR 
4,OcO 


Oreoon . . 


78,2C1 


111,853 


48 766 

*tU, r WW 


69 293 

U Wfb Wl^/ 


14,891 


15,769 


3,936 


3,433 


3 R70 
OfW r c 


in QAO 
1 w.9Hw 


7 nQR 

r ,w90 


1 0 AIR 
1 c,H 1 O 


Pennsvivan 


334,484 


51 1 529 

W 1 1 ,Wb W 


227 829 

bb r ,Ub w 


327 33*^ 

Wb r fWWO 


7,129 


20,491 


19,842 


51,843 


R1 Rfin 

9 1 ,OOw 


AA RQQ 
O4.099 


Ofl nnQ 

cO|UUO 


A7 IRQ 
4f , 100 


Rhode Istafid 

I II IWwpW ImIUI ivj • . 


33 632 

WW , W Wb 


55 409 

WW,"tWw 


30 300 

w w, w w w 


43,397 




1,806 


573 


4.550 


1 0R3 

1 .cOO 


A A7R 

H,Hf O 


RRO 
00c 


1 17Q 

1 , 1 f 9 


South Carolina 


32.699 


81,031 


15 335 

1 W,WWW 


29 0S1 


1 ,M3 


11,892 


1,511 


5,230 


0 A30 
c,HOc 


Q1 QfiR 
01 ,009 


1 Q7Q 

1 ,9r 9 


Q A7Q 
0,4f 0 


South Dakota 


12,255 


9,737 


5 488 


4 388 


482 


3.975 


611 


408 


R AQR 


7An 

f HU 


1 77 

Iff 


007 

CCf 


Tennessee .... 


72,592 


121 908 

1 b 1 , WWW 


49,679 


68 353 

w w , www 


8,857 


21,811 


4,760 


11.664 


R 55R 


16 965 


9 740 

C , f HW 


3 81 R 

0,01 9 


Texas 


372,204 


685,887 


226!233 


341,084 


53,603 


75,666 


9,92S 


39,153 


44,112 


146,258 


38,328 


83,725 


Utan 


72,n83 


102,231 


53,740 


68,805 


7,683 


11,343 


3,459 


4.849 


4,480 


13,682 


3,532 


3,551 


Vermont 


19,013 


26,680 


14,163 


18,851 


1,365 


1,527 


202 


2.433 


2,302 


2,816 


980 


1,054 


Virginia 


87,514 


174,747 


59,102 


98.659 


14,820 


30.785 


6,813 


15,310 


4,796 


22,928 


1,983 


7,065 


Washington . . . 


156,410 


199,532 


118,203 


140,780 


21,343 


4,703 


5,480 


17,915 


548 


28,436 


10,837 


7,698 


West Virginia . . 


15,442 


22,585 


9,035 


11.004 


4.925 


737 


434 


748 


368 


9,080 


v380 


1,017 


Wisconsin 


1 74,934 


256,417 


107 387 


145.217 


30,566 


42,133 


4.396 


10,142 


20,680 


38,224 


11,905 


20,702 


Wyoming . . . , 


14,166 


14,645 


8,582 


7.359 


257 


955 


1,620 


1,028 


3,694 


5,223 


14 


79 



Note: States wiil not sum to total because outlying areas and Puerto Rico are omitted. 

SOURCES: NSF. Academic Science/Engineering: R&D Funds. Fiscal Year 1907. NSF 89-31 1 (Washington. DC: NSF, i989): and unpublished tabulations. 
See text table 4-4. 
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Appendix table 4-27. state R&D expen 

1977 1987 1988 



Thousands of current dollars 







4 nn^r 

1,097 


1,047 






7,504 


6.927 


Ari7nn9 




643 


670 




04 1 


4 4 4 A 

1, no 


A AA"V 

1,027 


Califnrnia 




iio eo4 
49,921 


Ca ^ac 

53|305 


Colorarift 




4 4 CA 

1,154 


1,416 


^nnnorti^i it 


o onn 


o,b9o 


8,358 




n AO 


2,003 


2,511 


PInrida 


7 


4 A ACn 
14,450 


4 A "VA^ 

13,736 






5iOo2 


8,992 


Mauiali 




2,752 


2,994 




cnc 


486 


961 


lllinnic 


4 n ceo 


36,880 


42,705 




o ceo 


9,093 


8,050 






5r914 


7,800 






6,435 


7,621 


Kentucky 


5,418 


6,634 


6,733 






2,793 


2,799 


Maine 


fififi 


2 687 








158,028 


172.148 






4,174 


6.027 


Michigan 




8,010 


15.192 


Minnesota 




4,780 


6.160 


Mississippi^ 


909 


2.285 


2,428 






842 


955 




1977 


1987 


1988 



Thousands of constant 1982 doilars 



Alabama 




930 


861 






6,359 


5,697 


Arizona 




545 


551 


Arkansas 




941 


845 


California 


35.296 


41,967 


43,836 






978 


1,164 






5,672 


6,873 


Delaware 


301 


1,697 


2,065 


Florida 




12,246 


11,296 


Georgia 




4,985 


7,395 


Hawaii 




2,332 


2,462 






412 


790 


Illinois 




31,254 


35,119 






7,708 


6,620 






5,012 


6,414 


Kansas 




5,453 


6,267 






5,622 


5,537 




6.639 


2,367 


2,302 


Maine 




2,277 


2,102 


Maryland 


11.347 


133,922 


141,569 






3,537 


4,956 


Michigan 


7.156 


6,788 


12,493 


Minnesota 


4,456 


4,051 


5,066 


Mississippi' 


1.356 


1,936 


1,997 






714 


785 



from state funds: 1977, 1987, and 1988 





1977 


1987 


1986 




Thousands of current dollars 






6,132 


3,166 






1,493 


1,483 


Nevada^ 




1,457 


1,806 


New Hampshire . 




0 


0 






19,222 


21,006 






30,600 


34,110 






179,538 


194,336 






12,370 


10,782 






781 


906 






22,623 


29,361 


Okiahoma 




0 


604 






2,333 


1,992 






31,881 


35,592 


Rhode Isiand 




1.163 


1,024 






4,296 


4,616 






1,179 


1,471 






1 ,O09 


c,01 0 


Texas 




11,947 


10,952 


Utah 




916 


968 


Vermont . . . 




300 


300 






11,589 


10,475 


Washington 


2,637 


1,999 


12,480 






287 


324 


Wisconsin 


2,251 


3,557 


5,783 






344 


296 






689,746 


769,264 




1977 


1987 


1988 




Tfiousands of constant 1982 dollars 






5,197 


2,604 






1,265 


1,220 






1,235 


1,485 


New Hampshire . . 


403 


0 


0 


New Jersey 


3,073 


16,290 


17,275 




3,551 


25,932 


28,051 






152,151 


159,816 


North Caroiina 


7,573 


10,483 


8,867 


North Dakota 


1,607 


662 


745 


Ohio 




19,172 


24,146 


Oklahoma 


959 


0 


497 


Oregon 




1,977 


1,638 


Pennsylvania 


8,522 


27,018 


29,270 


Rhode Island 




986 


842 


South Carolina 


3,266 


3,641 


3,796 






999 


1,210 


Tennessee 


773 


1,601 


1,902 






10,125 


9,007 


Utah 




776 


796 


Vermont 


149 


254 


247 


Virginia 




9,821 


8,614 


Washington 




1,694 


10,263 


West Virginia 


187 


236 


266 


Wisconsin 


1,851 


2,925 


4,756 


Wyoming 




283 


243 



Total, aii States 294,735 584,531 632,618 



'Expenditures only for the stale's lead science and technology or research and development agency. 

SOURCES: NSF. Research and Development in State and Local Governments. Fiscal Year t977\ NSF 79-327 (Washington DC: NSF 1979)- and NSF 
Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 5*1. Expenditures for academic basic research, applied research, and development: 1960-89 



Total Total 
academic Basic Applied Develop- academic Basic Applied Develop* Basic Applied Develop- 
R&D research research ment R&D research research ment research research ment 



Millions of current dollars — - — Millions of constant 1 982 dollars^ -Percent of totah^ 





646 


433 


179 


34 


2,077 


1,392 


575 


109 


67.0 


27.7 


5.3 










00 




1 ,7U0 


on 


4 4 4 

m 


7U.2 


oc o 


4.0 


1962 


904 


659 


205 


40 


2,825 


2,059 


641 


125 


72.9 


22.7 


4.4 


1963 


1,081 


814 


227 


40 


3,318 


2,498 


697 


123 


75.3 


21.0 


3.7 


1964 . . 


1,275 


1,003 


232 


40 


3,858 


3,035 


702 


121 


78.7 


18.2 


3.1 


1965 ...... 


1,474 


1,138 


279 


57 


4,367 


3,372 


827 


169 


77.2 


18.9 


3.9 




4 tic 


1 ,303 


328 


OA 

84 


4,937 


3,751 


GAA 

944 




76.0 


19.1 


A f\ 

4.9 


1967 


1,921 


1,457 


374 


90 


5,347 


4,055 


1,041 


250 


75.8 


19.5 


4.7 


1968 


2,149 


1,649 


404 


96 


5,778 


4,434 


1,086 


258 


76.7 


18.8 


4.5 


1969 


2,225 


1,711 


407 


107 


5,676 


4,365 


1,038 


273 


76.9 


18.3 


4.8 




2,335 


1,796 


427 


112 


5,629 


4,330 


1,029 


270 


76.9 


18.3 


4.8 




2,500 


1,914 


474 


112 


5,726 


4,384 


1,086 


257 


76.6 


19.0 


4.5 


1972 


2,630 


2,022 


524 


84 


5,710 


4,390 


1,138 


182 


76.9 


19.9 


3.2 


1973 


2,884 


2.053 


713 


118 


5,965 


4,246 


1,475 


244 


71.2 


24.7 


4.1 


1974 


3,023 


2,154 


736 


133 


5,796 


4,130 


1,411 


255 


71.3 


24.3 


4.4 


1975 


3,409 


2,410 


851 


148 


5,927 


4,190 


1,479 


257 


70.7 


25.0 


4.3 


1976 


3,729 


2.549 


1,016 


164 


6,007 


4,106 


1,637 


264 


68.4 


27.2 


4.4 


1977 


4,067 


2,800 


1,067 


200 


6,067 


4,177 


1,592 


298 


68.8 


26.2 


4.9 


1978 


4,625 


3,176 


1,213 


236 


6,449 


4,428 


1.691 


329 


68.7 


26.2 


5.1 


1979 


5,361 


3.612 


1,465 


284 


6,882 


4,637 


1,881 


365 


67.4 


27.3 


5.3 


1980 


6,061 


4,024 


1,695 


342 


7,152 


4,749 


2.000 


404 


66.4 


28.0 


5.6 


1981 


6,845 


4,589 


1,868 


388 


7.344 


4,923 


2,004 


416 


67.0 


27.3 


5.7 


1982 


7,324 


4,883 


2,018 


423 


7,324 


4,883 


2,018 


423 


66.7 


27.6 


5.8 


1983 


7,883 


5,324 


2,116 


443 


7,563 


5,108 


2,030 


425 


67.5 


26.8 


5.6 


1984 


8,623 


5,731 


2,404 


488 


7,970 


5,297 


2,222 


451 


66.5 


27.9 


5.7 


1985 


9,694 


6,556 


2,552 


586 


8,692 


5,878 


2,288 


525 


67.6 


26.3 


6.0 


1986 


10,926 


7.512 


2,699 


715 


9,536 


6,556 


2,356 


624 


68.8 


24.7 


6.5 


1987 


12,082 


8,301 


3,014 


767 


10,213 


7,020 


2.549 


649 


68.7 


24.9 


6.3 


1988 (est.) . 


13,000 


8,900 


3,280 


820 


10,679 


7,311 


2.694 


674 


68.5 


25.2 


6.3 


1989 (est.) . 


13,900 


9,500 


3,530 


870 


10,999 


7,517 


2,793 


688 


68.3 


25.4 


6.3 



^See appendix table 4-1 for oNh implicit price defiators used to convert current dollars to constant 1 982 dollars. 
SOURCE: NSF. National Patterns of R&D Resources: 198g NSF 89-308 (Washington, DC: NSF, 1989). 
See figure 5*1. 
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Appendix table 5*2. Support for academic R&D by sector: ig60«87 



Academic 

Federal State/local institutions' All other 

Fiscal year Total Government government Industry funds sources 



- Millions of current dollars 



I960 


646 


405 


85 


40 


64 


S2 


1961 




500 


95 


40 


70 


58 


1962 


904 


613 


106 


40 


79 


66 






760 


118 


41 


89 


73 


196t 


1,275 


917 


132 


40 


103 


83 


1965 


1 ,474 


1,073 


143 


41 


124 


Q3 






1,261 


156 


42 


148 


108 


1967 


1.921 


1,409 


164 


48 


181 


119 


1968 


2,149 


1,572 


172 


55 


218 


132 


1969 


2,225 


1.600 


197 


60 


223 


145 


1970 


2,335 


1,647 


218 


61 


243 


16S 


1971 


2,500 


1,724 


255 


70 


274 


177 


1972 


2,630 


1.795 


269 


74 


305 


187 


1973 




1,985 


295 


84 


318 


202 


1974 




2,032 


308 


95 


368 


219 


1975 


3 409 


2 288 




113 


417 




1976 




2,512 


364 


123 


446 


285 


1977 


4,067 


2,726 


374 


139 


514 


314 


1978' 


4,625 


3,059 


412 


170 


625 


359 


1979 




3,593 


470 


194 


726 


374 


1980 


. . 6,062 


4,096 


491 




fl3<; 


HU 1 




^ Q AC 


4,561 


546 


293 


1,009 


436 


1982 


7,324 


4,759 


613 


339 


1.122 


491 


1983 


7,884 


4,980 


622 


388 


1,315 


579 


1984 




5,425 


684 


474 


1,424 


617 






6,064 


745 


559 


1,632 


694 


1986 


10 9?6 


6,713 


911 


692 


1 fl77 


f Ot- 


1987 


12,082 


7,326 


1,019 


777 


2,126 


834 


1988(est.r 


13,000 


7,800 


1,124 


850 


2,346 


880 


1989 (est.)' 


13,900 


8,250 


1,231 


920 


2,569 


930 




















Millions of constant 1982 dollars^ 






I960 


2 077 


1 302 


273 


129 




1 Or 


1961 


2,427 


1,590 


302 


127 


223 


184 


1962 


2,825 


1,916 


331 


125 


247 


206 


1963 


3,318 


2,333 


362 


126 


273 


224 


1964 


3,858 


2,775 


399 


121 


312 


251 


1965 


4 367 


3 179 


424 


121 


Ovr 


cr 0 


1966 


4,937 


3,630 


449 


121 


426 


311 


1967 


5.347 


3,922 


456 


134 


504 


331 


1968 


5,778 


4,227 


462 


148 


586 


355 


1969 


5,676 


4,082 


503 


153 


569 


370 






3,971 


528 


147 


586 


396 


1971 




3,949 


584 


160 


628 


405 


1972 


5,710 


3,897 


584 


161 


662 


406 


1973 


5,965 


4.105 


610 


174 


658 


418 


1974 


5,794 


3,896 


590 


182 


706 


420 


1975 


5,927 


3,978 


577 


196 


725 


450 


1976 


6,007 


4,046 


586 


198 


718 


459 


1977 


6,067 


4,067 


558 


207 


767 


468 


1978' 


6,449 


4,265 


574 


237 


871 


501 


1979 


6,879 


4,612 


603 


249 


932 


480 



(continued) 



Appendix table 5-2. (Continued) 



Academic 

Federal State/local institutions' All other 

Fiscal year Total Government government Industry funds sources 



Millions of constant 1982 dollars^ 



1980 


. .. 7154 


4 834 








HI <3 


1981 




4,893 


586 


314 


1,083 


468 


1982 


7,324 


4,759 


613 


339 


1,122 


491 


1983 


7,564 


4,778 


597 


372 


1,262 


556 


1984 




5,014 


632 


438 


1.316 


570 


1985 




5,437 


668 


SOI 


1,463 


622 


1986 




5,859 


795 


604 


1,638 


639 






6,196 


862 


657 


1.798 


705 






6,408 


923 


698 


1,927 


723 


1989 (est.)' 


10,999 


6,528 


974 


728 


2,033 


736 



Percent-- 



I960 


100 


62.7 


13.2 


6.2 


9.9 


8.0 


1961 


100 


65.5 


12.5 


5.2 


9.2 


7.6 


1962 


100 


67.8 


11.7 


4.4 


8.7 


7.3 






70.3 


10.9 


3.8 


8.2 


6.8 


1964 


100 


■ 71.9 


10.4 


3.1 


8.1 


6.5 


1965 


100 


72.8 


9.7 


2.8 


8.4 


6.3 






73.5 


9.1 


2.4 


8.6 


6.3 






73.3 


8.5 


2.5 


9.4 


6.2 






73.2 


8.0 


2.6 


10.1 


6.1 


1969 


100 


71.9 


8.9 


2.7 


10.0 


6.5 


1970 


100 


70.5 


9.4 


2.6 


10.4 


7.1 


1971 


100 


69.0 


10.2 


2.8 


11.0 


7.1 


1972 




68.3 


10.2 


2.8 


11.6 


7.1 


1973 




68.6 


10.2 


2.9 


11.0 


7.0 


1974 




67.2 


10.2 


3.1 


12.2 


7.2 


1975 




67.1 


9.7 


3.3 


12.2 


7.6 






67,4 


9.6 


3.3 


12.0 


7.6 


1977 




67.0 


9.2 


3.4 


12.6 


7.7 






66.1 


8.9 


3.7 


13.5 


7.8 


1979 




67.0 


8.8 


3.6 


13.5 


7.0 


1980 


100 


67.6 


8.1 


3.9 


13.8 


6.6 






66.6 


8.0 


4.3 


14.7 


6.4 






65.0 


8.4 


4.6 


15.3 


6.7 






63.2 


7.9 


4.9 


16.7 


7.3 


1984 




62.9 


7.9 


5.5 


16.5 


7.2 






62.5 


7.7 


5.8 


16.8 


7.2 






61.4 


8.3 


6.3 


17.2 


6.7 






60.6 


8.4 


6.4 


17.6 


6.9 


1988 (est.)' 


100 


60.0 


8.6 


6.5 


18.0 


6.8 


1989 (est.)' 




59.4 


8.9 


6.6 


18.5 


6.7 


' Relative amounts of funds from state and local governments and from academic Institutions are estimated from previous year's ratic 


*See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 





SOURCES; NSF. Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF89-31 1 (Washington. DC: NSF, 1989); NSF. National 
Patterns of R&D Resouces: 1989, NSF 89-308 (Washington, DC: NSF. 1989). 

See figure O-20 in Overview. 
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Appendix table 5-3. Sources of R&D funds at private end public ficademic institutions, 

by sector: 1980 and 1987 



Source of funds 



Academic 

Federal State and local institutions' Other 

Type of institution Total Government government Industry funds sources 



Thousands of dollars 

1980 

Private 2,223,758 1,745,892 45,011 94,899 172,599 165.357 

Public 3,837.820 2,350.603 446,034 143.094 662,449 235,640 

1987 

Private 4,263,274 3,167.682 95,214 282,697 379,181 338,601 

Public 7,818.257 4.158.028 923,675 494,199 1,746,975 495.380 

Percent 

1980 

Private 100.0 78.6 2.0 4.3 7.8 7 4 

Public 100.0 61.2 11.6 3.7 17.3 6.1 

1987 

Private 100.0 74.3 2.2 6.6 8.9 7.9 

Public 100.0 53.2 11.8 6.3 22.3 6.3 



SOURCE: NSF, Academic Science/EnglnBorlng: R&D Funds, Fiscal Year 19B7, NSF 89-31 1 (Washington. DC: NSF, 1 989). 
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Appendix table 5<4. Types of Federal obligations for academic science and engineering; 1967-87 













Fellowships, 














Facilities for S/E 


tralneeships, and 


General support 


Other S/E 




Total 


R&D 


R&D plant 


instruction 


training grants 


for S/E 


activities 
























— Thousands of current dollars 








0 QOQ 70 K 


1 ,oUl .c^c 


111 ono 

111 ,OU9 


V) 


447,236 




AfiA nnn 


1966 


2,349.817 


1.398,305 


96.148 


( ) 


AAn fiOR 


(') 


414,469 


1969 


2,361.399 


1 ,474,681 


54.516 


\ § 


436.270 


(') 


395.932 






1.446,618 


44,778 


(') 


429,408 




266,775 






1,551,391 


29.942 


28,729 


421,029 


99.669 


212,369 




0 RQO ill 


1 .OOOyUOO 


oe 0i7 


26,341 


387,888 


OO.cOO 


91 1 R«19 


1973 


2,464,362 


1 ,870,690 


43.338 






38.964 


210,76)8 


1974 


2,736.984 


2.085.204 


29.009 


3,506 


326,600 


86.974 


205,691 




2,805,783 


2.246,088 


44,787 


5,026 


201,273 


46.353 


262,256 


1976 


2,959,656 


2,430,970 


23,899 


3,210 


174,871 


74.483 


252,223 


1077 




0 flno n 1 7 
c,oUo,U 1 f 


oe A7i 


3,282 


184,671 






1978 


3,959.832 


3,385.770 


34.328 


4,906 


205,925 


74.398 


254,505 


1979 


4,472.659 


3,873,514 


32,068 


6,743 


204,866 


92,483 


262.985 


1980 


4,790.972 


4,160,543 


37,780 


3,776 


210,121 


91.541 


287,211 


1981 


5,062,856 


4,410,931 


27,694 


4,563 


205,448 


92,721 


321 ,499 


1982 


5,179.610 


4,554,475 


31 ,200 


829 


176,582 


80.137 


336.387 


1 983 


5,680.631 


5,024,330 


37.547 


2,552 


189,616 


94,847 


331,769 


1984 


6,308.014 


5,448.821 


49.764 


1,889 


194,895 


112.588 


500,057 


1 985 


7,257.862 


6,246.181 


113,932 


4,947 


253,082 


119,171 


520,549 


1986 


, 7^430.775 


6,456.646 


105.827 


4,990 


246,196 


111.130 


505,986 


1987 


8,565.038 


7,240.090 


229.875 


13,722 290,942 


236,933 


553,476 










Thousands of constant 1 982 dollars* 










O.Oc 1 ,0UO 


ono 70A 


(') 


1,244,743 


\ ) 


1 901 A09 


1968 


6,318,411 


3.759.895 


258,532 


('} 


1,185,520 


(^) 


1,114,464 


1969 


6,023.977 


3,761.941 


139.071 


(') 


1,112,934 


(^) 


1.010,031 


1970 


5.273.816 


3,487.507 


107,951 


(') 


1,035,217 


(') 


643,141 


1971 


5.366.764 


3,553,346 


68,580 


65,802 


964,336 


228,284 


486,415 


< 079 






OU,10U 


57,188 


842,136 


1 OU,OcO 




1973 


5,096,922 


3,869,059 


89,634 


27,657 


594,023 


80,587 


435,963 


1974 


5.247,285 


3,997.707 


55.615 


6,722 


626,150 


166.745 


394,346 






3,904,882 


77,863 


8,738 


349,918 


80,586 


455,939 


1976 


4.767,487 


3,915.867 


38.497 


5,171 


281,687 


119,979 


406,287 






4,101 ,roa 


RA A^n 


4,896 


275,505 


110 07C 
1 1 O.^rO 


'kfsQ Oft 


1978 


5,521,238 


4,720,817 


47,864 


6,840 


287,124 


103,734 


354,859 


1979 


5,741 ,539 


4,972,418 


41,166 


8,656 


262,986 


118,720 


337,593 


1980 


5,653,731 


4,909,775 


44,583 


4,456 


247,960 


108,026 


338,932 


1981 


5,431,666 


4,732,251 


29,711 


4,895 


220,414 


99,475 


344,919 


1982 


5,179,610 


4,554.475 


31 ,200 


829 


176,582 


80,137 


336,387 


1983 


5,450,092 


4,820,426 


36,023 


2,448 


181,921 


90,998 


318,305 


1984 


5,830,496 


5.036,344 


45,997 


1,746 


180,141 


104,065 


462,203 


1985 


6.507,542 


5.600,449 


102.154 


4,436 


226,918 


106,851 


466,735 


1986 


6,485,229 


5,635,055 


92,361 


4,355 


214,868 


96,989 


441,601 


1987 


7.243,774 


6,123.215 


194,414 


11,605 


246,061 


200,383 


468,095 



^Not separately classified; included under "other S/E activities." 

^See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SOURCE : NSF, federal Support to Universities. Colleges, and Selected Nonprofit Institutions: Fiscal Year 1 987, NSF 88-330 (Wasfilngton. DC: NSF. 1 988). 
See figure 5-2. 
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Appendix table 5-5. Fea'eral obligations for academic research and development, 

by agency: 1969-89 



Total Other 
agencies NIH NSF POD NASA DOE ' USDA agencies 

Millions of current dollars ■ — 







535 


213 


263 


99 


101 


62 


256 


1970 




518 


228 


216 


111 


100 


65 


238 


1971 




603 


267 


211 


119 


94 


72 


279 


1972 




756 


362 


217 


134 


85 


87 


263 


1973 




761 


374 


204 


131 


83 


94 


270 


1974 




1,027 


389 


197 


125 


94 


95 


287 


1975 




1,077 


435 


203 


131 


132 


108 


325 


1976 




1,185 


437 


240 


124 


145 


120 


301 






1,311 


511 


273 


118 


188 


140 


364 




3,375 


1,493 


537 


383 


127 


240 


186 


409 


1979 




1,765 


617 


438 


139 


260 


200 


470 


1980 


4,263 


1,888 


685 


495 


158 


285 


216 


536 


1 981 


4 46G 


1 984 


702 


573 


171 


300 


Oil o 

24j 


493 


1982 


4,605 


2,026 


715 


664 


186 


277 


255 


482 






2t264 


783 


724 


189 


29"' 


275 


434 


1 984 . . . 


5 565 




880 


830 


222 


321 


261 


491 


1985 


6,299 


2,918 


1,002 


940 


255 


357 


293 


534 


1986 




3,033 


994 


1,074 


305 


328 


267 


554 


1987 


7,354 


3,639 


1,096 


1.017 


210 


387 


280 


626 


•1 ODD /ac*! \ 




3,891 


1,122 


1,067 


340 


410 


305 


637 


1989 (est J 


8 167 




1,384 


1,129 


351 


395 


265 


615 




















Millions of constant 1 982 dollars^ — 






1969 




1,365 


543 


671 


253 


258 


158 


653 


1970 




1,249 


550 


521 


268 


241 


157 


574 


1971 




1,381 


612 




273 


215 


165 


639 


1972 




1,641 


786 


471 


291 


185 


189 


571 


1973 




1.574 


774 


422 


271 


172 


194 


558 


1974 




1,969 


746 


378 


240 


ISO 


182 


550 


1975 


4,192 


1,872 


756 


353 


228 


229 


188 


565 


1976 




1,909 


704 


387 


200 


234 


193 


485 


1977 




1,956 


762 


407 


176 


280 


209 


543 


1978 




2,082 


749 


534 


177 


335 


259 


570 


1979 




2,266 


792 


562 


178 


334 


257 


603 


1980 


5,031 


2,228 


808 


584 


186 


336 




DOd 


1981 




2,129 


753 


615 


183 


322 


261 


529 


1982 




2,026 


7J5 


664 


186 


277 


255 


482 


1983 




2,172 


751 


695 


181 


285 


264 


416 


1984 




2,366 


813 


767 


205 


297 


241 


454 


1985 




2,616 


898 


643 


229 


320 


263 


479 


1986 




2,647 


868 


937 


266 


286 


233 


484 






3.077 


927 


860 


262 


327 


237 


529 


1988 (est.) 




3,196 


921 


876 


279 


337 


251 


523 


1989 (est.) 




3,187 


1,095 


893 


278 


313 


209 


487 



(continued) 




Appendix table S-S. (Continued) 



Total Other 
agencies NIH NSF OOP NASA DOE' USDA agencies 



1969 


100 


35.0 


13.9 


17.2 


6.5 


6.6 


4.1 


16.7 






35.1 


15.4 


14.6 


7.5 


6.8 


4.4 


16.1 


1 Q71 




Oft 7 
00. f 




1 O 0 




0.7 


A A 

4.4 


17.0 


1972 


100 


39.7 


19.0 


11.4 


7.0 


4.5 


4.6 


13.8 


1973 


100 


39.7 


19.5 


10.6 


6.8 


4.3 


4.9 


14.1 


1974 


100 


46.4 


17.6 


8.9 


5.6 


4.2 


4 3 


13.0 






44.7 


18.0 


8.4 


5.4 


5.5 


4.5 


13.5 




1 f\n 


Aft A 


17 1 

1 f .1 






0.7 


4.7 


1 1 .8 


1977 


100 


45.1 


17.6 


9.4 


4.1 


6.5 


4.8 


12.5 


1978 


100 


44.2 


15.9 


11.3 


3.8 


7.1 


5.5 


12.1 


1979 


100 


45.4 


15.9 


11.3 


3.6 


6.7 


5.1 


12.1 






44.3 


16.1 


11.6 


3.7 


6.7 


5.1 


12.6 






44.4 


15.7 


12.8 


3.8 


6.7 


5.4 


11.0 


1982 


100 


44.0 


15.5 


14.4 


4.0 


6.0 


5.5 


10.5 


1983 


100 


45.6 


15.8 


14.6 


3.8 


6.0 


5.5 


8.7 


1984 


100 


46.0 


15.8 


14.9 


4.0 


5.8 


4.7 


8.8 


1985 


100 


46.3 


15.9 


14.9 


4.0 


5.7 


4.7 


6.5 


1986 


100 


46.3 


15.2 


16.4 


4.7 


5.0 


4.1 


8.5 


1987 


100 


49.5 


14.9 


13.8 


4.2 


5.3 


3.8 


8.5 


1988 (est.) 


100 


50.1 


14.4 


13.7 


4.4 


5.3 


3.9 


8.2 


1989 (est.) 


100 


49.3 


16.9 


13.8 


4.3 


4.8 


3.2 


7.5 



^Atomic Energy Commlssiont 1 969-73; Energy Research and Developmenl Administration. 1 974-76; Department of Energy 1 977-89. 
^See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1 982 dollars. 
Note: Percentages may not add to 100 because of rounding. 

SOURCES: NSF. Federal Funds for Research and Development: Fiscal Years 1 987. 1988, and 1989, NSF 89-''04 (Washington, DC: NSF. 
1 989); NSF. Federal Funds for Reseach and Development Detailed Historical Tables: Fiscal Years 1955-198:), unpublished. 
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Appendix table 5*6. R&D expenditures at the top 100 universities and coileges, by source of funds: 1987 



Academic 




Federal 


State and local 




Institutional 




Institutions' ranking 


Total 


Government 


government 


Industry 


funds 


Other 




















Thousands of dollars — 






Totali all institutions 


12.081.531 

f b| WW r |WW ■ 


7.325.710 


1,018,889 


77tJ.895 


9 1 9R M\R 
CicO, 1 00 


000,00 1 


1 Johns Hopkins University 


510,896 


476,290 


1.998 


7,755 


19,?05 


5,648 




264,416 


206,785 


3.501 


35.064 


5,165 


13,901 




254,493 


149,665 


44,864 


8.586 


36,178 


15,200 




244,840 


144,604 


WT|W f H 


17 IRQ 


26,385 


22,008 




240,000 


204, doo 




in Q7Q 


12,001 


13,293 


6 University of Michigan 


224,890 


137,558 


0. 1 CO 


Id d'^l 


55,345 


14,413 


7 University of Minnesota 


222,381 


109,003 


Or .CO f 


1 1 HRR 
1 1 .UOO 


39,371 


25,664 




219,853 


75,432 


WW. WW 1 


1Q QQR 


65,038 


6,024 


9 Univ of Cal Los Angeles ...... 


188,831 


130,763 




Id 'ifin 

\ 4.00U 


27,308 


12,187 


lOUniv of III Urbana 


188,682 


104,420 


9Q R77 


1 1 did 


43,275 


5,896 


Total. 1st 10 Institutions 


2,560,167 


1 .738 906 

■ |f WWfWWW 


213,524 


144,232 


wCw,6r 1 




11 University of Washington 


187,062 


145,184 


4.064 


18,564 


14,201 


5,049 


12 Univ of Cai San Diego 


183,047 


142,751 


3.203 


5.902 


18,784 


12,407 


13 Univ of Cal Berkeley 


175,273 


108,828 


3.996 


6,580 


47,861 


8,008 




169,436 


117,302 


R R71 




22,249 


19,306 






119,1^55 




7 V7QC 


12,343E 


28,153 


16 Univ of Texas at Austin 


168,931 


88,395 


7 QdR 


Q 1R1 

0.1 01 


51,240 


18,790 


17 Pennsylvania State Univ 


165,841 


94,326 


7 Qfil 




43,141 


279 


18 Univ of Pennsylvania 


158,334 


111,185 


9 


O ROC 
C.OOO 


15,924 


26,336 


19 Columbia Univ Main Div 


149,904 


133,018 


1 nnn 

1 |UUU 


Q Qi C 

0.7310 


2,837 


9,134 


20 Yale University 


145,818 


116,943 




0,000 


8,956 


14,058 


Total, 1 St 20 Institutions 


4.232 887 

~ 1 bWb| WW f 


2 916 793 


251,180 


222,353 


RRR 007 
wOO.OUf 


cr O.r 04 


21 Univ of Cai Davis 


143,798 


56,622 


7.786 


5,324 


66,P32 


7,234 


22 University of Arizona 


138,726 


65,024 


2.871 


11,638 


50,40n 


8,793 


23 Univ of Southern Cal 


134,995 


101,749 


1.517 


9,999 


21,730 


0 


24 Univ of Md College Park 


126,239 


55,194 


Qd 9RdP 


lU. l4yc 


26,642E 


0 




i OA A AO 


dO,2o1 


'^d fi9A 


d Qfi9 


48,550 


821 


26 Ohio State University 


123,246 


58,555 


1 Q 79Q 


Q 07fl 
9.Cf 0 


19,022 


16,662 


27 Georgia Institute of Tech 


120,342 


63,132 


1 dd7 


9Q R9fi 
cO.OcO 


32.135 


0 




112,276 


83,M4 


1 . t WW 


d ^09 


12,407 


11,060 


29 Michigan State University 


111,810 


44,989 


9n nQ(^ 


Q 1 Q7 

0, 1 Of 


33,234 


10,355 




107.131 


56,302 


m 91 Q 

1 W.C 1 O 




23,591 


2,446 


Total, 1st 30 Institutions 


5,475,892 


3 536 765 


390.083 


314.569 




000, 1 c9 


31 University of Florida 


104,245 


49,311 


6,965 


9.404 


31,119 


7,446 


32 Washington University 


103,419 




541 


12.016 


7,397 


5,708 


33 NC State Univ at Rateigh 


102,647 


33,662 


41,835 


11.748 


13,236 


2,166 


34 Louisiana State Univ 


102,070 


31,089 


9Q Qdl 


1 dfii 


32,283 


7,276 






OA OOO 


W|U 1 O 


A 9R7 
O.cOf 


1,909 


8,082 


36 New York University 


98,924 


76,126 


Oww 


O.UOO 


10.581 


8,328 


37 Rutgers The St Univ of NJ . . . , 


94,555 


27,178 


CO, 1 oc 


O.UOr 


37.275 


3,833 


38 Univ of NC at Chapel Hili . . 


93,754 


72,529 


11 dfiO 


c;nQ 


5,432 


3,804 


39 University of Chicago 


91,879 


75,889 


09H 


1 fil 9 

1.01c 


■/,229 


6,555 


40 Baylor Col of Medicine 


90,179 


49,834 


9 J>9ft 


o.oou 


9,861 


24,104 


Total, 1st 40 Institutions 


6.459.162 

Wf^WWf 1 Wb 


4110 462 


512,812 


367,789 


1 OR? R79 


din d97 


41 Duke University 


89,556 


67,925 


693 


8,085 


6.941 


5,912 


42 Northwestern University 


88,920 


49,286 


357 


3,101 


29.597 


6,fa79 


43 California Inst of Tech 


86,565 


71,086 


664 


3,436 


4.540 


6.e39 


44 University of Pittsburgh 


84,183 


62,060 


918 


6,547 


5.655 


9,00,? 




OJ, /OJ 


CO 04 7 


5,741 


16,130 


1.212 


6,863 


46 University of Connecticut 


81,575 


36.884 


2,193 


3,729 


<:39,499 


9,270 


47 Va Polytech Inst & St U 


80,552 


32 J 29 


27,253 


7,010 


13,039 


1,121 


48 Univ of Massachusetts 


79,814 


44.256 


8,043 


8,560 


15,661 


3,29^ 


49 Oregon State University 


79,715 


46.774 


18.242 


1.890 


3,965 


8,e44 


50 University of Iowa 


79,090 


57.159 


470 


2,615 


15,112 


3,734 


Total. 1st 50 institutions 


7,292.895 


4.631,838 


577,386 


428,892 


1,182,893 


471.886 



(continued) 
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Academic 
Institutions' ranking 



Federal State and local Institutional 
Totai Government government Industry funds Other 



Thousands of dollars 



51 lowaStUofScl&Tech 


78.351 


19.682 


16,181 


3,597 


34,536 


4,355 




73.773 


59.768 


0 


0 


7.285 


6.720 


53 Univ Alabama Birmingham 


72,692 


54,534 


2,030 


4.544 


5,827 


5.749 


54 Case Western Reserve Univ . . . 


70,850 


53,580 


2,005 


3,433 


5,808 


6,024 


55 SUNY at Buffalo 


70.474 


51,212 


2,349 


779 


10.991 


5,143 




68.194 


54,226 


2,703 


2,268 


5,596 


3,401 




66,760 


37,983 


244 


3,476 


14.039 


11,018 


58 U Texas System Cancer Ctr ... 


65,417 


22,162 


0 


0 


26.700 


16,555 


59 Indiana University 


65,341 


44,211 


452 


4,597 


12.500 


3,581 




65,158 


38,052 


1,306 


7,300 


12.573 


5,927 


Total 1 ct ^^0 Inctihjtinnc 






anA AAA 


AdQ QQfi 
400,000 


1 0 1 Q TA Q 
1 ,0 1 0,f 40 


540,039 


61 Princeton University 


65,089 


43,505 


974 


4.122 


11,997 


4,491 


62 Univ of iii Chicago 


64,701 


34,570 


2.102 


1,728 


19,238 


7,063 


63 University of Virginia 


63,861 


41,267 


4.627 


3,260 


9,663 


5,044 


64 U Tex Hith Sci Ctr Dallas 


62.907 


45,382 


216 


5,566 


53 


11,690 


65 Univ of Missouri Columbia 


61,212 


20,250 


10,292 


4,206 


22,G51 


4,113 


1 i ^» ^^^^^^ 


60,096 


28.752 


16,713 


3,440 


10,398 


793 




58,889 


36.698 


2,623 


3.300 


9,171 


7,047 


68 New Mexico State Univ 


58.672 


37.904 


9,307 


9,847 


1,086 


528 


69 Boston University 


58,299 


49.406 


1,865 


2.276 


0 


4,752 


70 Univ of Hawaii-Manoa 


57.345 


34.472 


19,317 


261 


2,591 


704 


Total Iqi 70 In^tituHonc 


ft finn Q7ft 




fi70 700 
vf c,r UU 


AOCs OAO 


1 ,4wOtC90 


RQfi CQA 
000,004 


71 Univ of Nebraska-Lincoln 


56.066 


24,512 


15,182 


1.938 


12,818 


1,616 


72 University of Kentucky 


55.042 


26.261 


5,237 


6,312 


17,232 


0 


73 SUNY at Stony Brook 


54.219 


39.445 


1,848 


1,269 


8,003 


3,654 


74 University of Cincinnati 


53.804 


32.044 


2,839 


2,299 


11,240 


5,382 


75 Colorado State University 


52.619 


38.961 


6,357 


1,178 


3,302 


2,821 




51,691 


38.138 


1,411 


4,722 


4,903 


2,517 


77 Univ of Cal Riverside 


51.158 


15,001 


2,451 


1,955 


29,972 


1.779 


78 University of Kansas 


50.603 


22,941 


2,295 


3,259 


20,656 


1.452 


79 Washington State Univ 


48,865 


21,274 


1,497 


2,619 


19,422 


4.053 


80 Woods Hole Ocngrphic Inst 


48,061 


42,239 


2 


667 


730 


4.423 


Total iQt RO Inctitutlonc 




ti 7 An 970 


71 1 ni Q 


COO icn 
OcO) 1 ou 


1 KQQ K7A 
1 ,0oo,0f 4 


diA Ofll 


81 Auburn University 


48,045 


13,446 


12,349 


3,112 


14,894 


4,244 


82 Oklahoma State University 


47,420 


9.575 


2,127 


3,170 


30,509 


2,039 




46,497 


37.148 


2.348 


91 4E 


58E 


6,029 


84 Clemson University 


46,495 


9.016 


13.056 


3,105 


20,030 


1,288 


85 Florida State University 


46.420 


21,416 


1.549 


280 


21,850 


1,325 


86 CUNY Mt Sinat Sch of Med .... 


46.137 


31.024 


347 


2,870 


2,655 


9,241 


87 Univ of Md Bait Prof Sch . . . 


45.523 


26.244 


1 1 ,627 


7,652 


0 


0 


88 University of Oklahoma 


45,350 


14.453 


1,124 


2,026 


24,434 


3,313 


89 University of New Mexico 


45,333 


29.096 


3,342 


4,858 


4,744 


3,293 


90 Vanderbilt University 


43,589 


31 ,343 


922 


5,313 


3,029 


2,982 


Totdl 1fit QO InQtitutlonQ 




ti OR') 0*11 


7R{\ RID 


CCC AAn 


1 fiRR 777 
1 ,000, f f f 


040,UO0 


91 Univ of Cal Santa Barbara 


42,704 


02.856 


1,489 


1,970 


3,842 


2,547 


92 Utah State University 


41,343 


22.109 


9,879 


1,316 


7,467 


572 


93 Virginia Commonwlth Univ 


41,016 


31.612 


1,347 


5,400 


2,565 


92 


94 Kans St U— Ag & App Sci 


40.587 


13,270 


17,511 


1.515 


6,652 


1,639 


95 Mississippi State Univ 


40,405 


12,387 


15,496 


2,823 


5,690 


4,009 




39.335 


16,927 


3,592 


2,761 


11,572 


4,483 


97 Arik:ona Stats University 


38.763 


14,009 


5 850 


ti S7S 


9 879 






38!393 


21.836 


160 


4,945 


7.298 


4.154 


99 Brown University 


38.110 


32,024 


75 


4,250 


550 


1,211 


1 00 Georgetown University 


35.981 


24,477 


112 


2,536 


5,953 


2,903 


Total, 1st 100 Institutions 


9.980,550 


6,1 34,538 


816,121 


589,551 


1,717,245 


673,095 



Notes: Numbers followed by "E" are estimated; "0" means no report o: a report of no funds received. 

SOURCE: NSF. Academic Science/Engineering: RdD funds, Fiscal Year 1987, NSF 89-31 1 (Washington, DC: NSr. 1989). 
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Appendix table 5-7, Academic R&D support derived from industry among the tcp 200 R&D-performing campuses: FY 1987 







Thousands 


Indus* 




Thousands Indus- 


InduMrial 




of Industry 


trial 




of industry 


trial 


^1 ICIl w 


CanriDus 


dollars 


oi ICIl w 


HamnuQ 

wCll 1 i^UO 


dollars 


share 




Rank 1-25 ($511 -$124 million)^ 






Rank 26-50 {$123-$79 million)^ 








Average industrial share^ 




5.5 


Average industrial share^ 




6.7 


i!lO% 


Mass Inst of Tech 


35.064 


13.3 


Georgia Inst of Tecii 


23,628 


19.6 






20.114 


12.1 




16,130 


19.3 










Washington University 


12,016 


11.6 










NC State atUnlv-RaleIgh . . . 


11,748 


11.4 










Univ of Massachusetts 


8,560 


10.7 




1 Iniw nf \A/9chlnntnn 


1 0»0D4 


Q Q 




9,404 


9.0 






1 1 OA 
1 1 ,D00 






P,085 


9.0 




univ OT ivu uoiieg© raris^ . . 


i n i AQ 






9,579 


8.9 




univ OT Uai uos Mngeies • . . 


1 4,oDU 


7 fi 


VA roiyiecn insi & ot u .... 


7 01 n 


ft 7 






9,999 


7.4 


University of Pittsburgh .... 


6,547 


7.8 






17.169 


TO 




9,278 


7.5 






14,'t51 


6.4 


University of Rochester 


6,267 


6.2 




Texas A&M Univ 


13,398 


6.1 












11,414 


6.0 










University of Minnesota . . . 


11,056 


5.0 










CfonfnrW 1 Inltforfrl^ii 


1 r\ 0*70 


A A 
4.0 




3,729 


4.6 




tJor\/orH 1 InltfOr^ltiiS 




A A 




0,00U 


A Q 
4.0 






4,982 


4.0 


Univ of Colorado 


4,502 


4.0 






6,580 


3.8 




3,436 


4.0 






5,563 


3.8 




3,101 


3.5 




Univ of Cal Davis 


5,324 


3.7 


Rutgers St Univ of NJ 


3,087 


3,3 






8,586 


3.4 




2,615 


3.3 




Univ of Cal San Diego 


5,902 


3.2 


New York University 


3,036 


3.1 


<3.0% 


Columbia Univ Main Div ... 


3,915 


2.6 


Michigan State Univ 


3,137 


2.8 






4,008 


2.4 


Oregon State Univ 


1,890 


2.4 




Univ of Texas at Austin 


3,161 


1.9 


University of Chicago 


1.812 


2.0 




Unix/ nf Pfinnsvlvania 


2 536 


1 6 


1 rtiiici^na f^tatp llniu 


1,481 


1.5 




Johns HoDklns Univ 


7,755 


1.5 


Univ of NC-Chaoel Hill 


509 


0.1 




Rank 51 -75 ($78-53 million)^ 






Rank 76-100 ($52-$36 million)^ 








Average industrial shared . . 




5.6 


Average industrial share^ . . . 




7.3 


£ 1 u /o 


i>lc}W iVioAlUU Oldie Uiiiv . « . . 




1 0.0 


univ OT (viQ Daii r^roT ocn . . . 




A 

lO.O 




University of Kentucky — 


6,312 


11.5 


Arizona State University . . . 


5.575 


14.4 




University of Miami 


7.300 


11.2 


Virginia Commonwith Univ . . 


5,400 


13,2 










Tulane University 


4,945 


12.9 












5.313 


12.2 












4,250 


11.2 










University of New Mexico . . 


4.858 


10.7 




U 1 A niin Out v'U UdllaS . . . 


0,ODD 


0.0 


1 ln!\i nt Inrino 


4,722 


9.1 




InHinnf) 1 Inlworcitu 


A RQ7 


7 n 


O6ory6iown univorsiiy .... 


2.536 


7.0 




univ OT iviissouri ooiumuia 


A onn 


0.9 




2,823 


7.0 




Prinpotnn 1 Inlworeltii 


A 10Q 


A Q 

O.u 


Wayne oiaie universuy .... 


9 7R1 
c, r 01 


7 f\ 




Univ Alabama Birmingham . 


4.544 


6.3 


Clemson University 


3,105 


6.'/ 




U Tennessee Knoxville 


3.440 


5.7 


Oklahoma State Univ 


3,105 


6.7 




Emery University 


3,350 


5.7 


Auburn University 


3,112 


6.5 




Rockefeller University 


3.476 


5.2 


University of Kansas 


3,259 


6.4 




University of Virginia 


3.260 


5.1 


CUNY Mt Sinai Sch of Med . 


2,870 


6.2 










Washington State Univ 


2,613 


5.4 


3.0-4.9% 


Case Western Reserve U . . 


3,433 


4.8 


Univ of Cal-Santa Barbara . . 


1.970 


4.6 




Iowa St U of Sci & Tech . . . 


3.597 


4.6 


University of Oklahoma 


2,026 


4.5 




University of Cincinnati 


2.299 


4.3 


Univ of Za\ Riverside 


1,955 


3.8 




Boston University 


2.276 


39 


Kans St U-A(j & App Sci ... 


1.515 


3.7 




Univ of Nebraska-Lincoln .. 


1,938 


3.5 


Utah State University 


1.316 


3.2 




University of Utah 


2,268 


3.3 
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Appondix table 5-7. (Contlnusd) 







Thousands 


Indus- 




Thousands 


Indus- 


Industrial 




of Industry 


trial 




of industry 


trial 


share^ 


Campus 


dollars 


share 


Campus 


dollars 


share 




Qnnk m.7<^ /$7R^<!R'3 mlllinn^ 
HarlJx wi'fw v9rO*~9wO rnunwrl^ 


2 




Rank 76-100 ($52-S36 million)^ 






Average Industrial share^ 




5,G 


Average Industrial share^ 




7.3 


<i9«U /O 


1 Inivi r%f lliinnic f^Wtnonn 
uiiiv wi niiiiwia wniCayo • • • « 


1 if cO 


e. f 




914 


2.0 




SUNY at Stony Brook 


1,269 


2.3 


Woods Hole Ocngrphic Inst . 


657 


1.4 






'..178 


2.2 


Florida State University .... 


280 


0.6 




SUNYatBuHalo 


779 


1.1 








Univ of HawaiNManoa 


261 


0.5 








Unknown^ 


Yeshiva University 


0 


0.0 










U Tx System Cancer Ctr . . . 


0 


0.0 










Rank 100-125 ($35.2-$24.1 million)^ 




Rank 126-150 ($23.7-$16.3 million)^ 






Average Industrial share^ . . 




Q A 


Average industrial shared . . . 




7.6 


S10% 


Rensselaer Polytech Inst . . 


8,006 


31.8 


Thomas Jefferson Univ .... 


6,287 


30.9 




Lehigh University 


6,731 


27.0 


N Mex Inst Mining & Tech . . 


5,418 


22.9 




Texas Tech University 


4,123 


14.8 


Univ of Tenn, Mennphis .... 


4,257 


20.3 




Syracuse University 


3,975 


1 w. 1 




2,051 


12.1 




U Tex HIth Sci Ctr S Anto . . 


4,404 


19 fi 
1 c.O 


Montana State Univ* 


2,383 


10.O 




univsrsiiy or ueiaware .... 


o,bo9 


11 


Wake Forest University^ . . . 


2,402 


10.2 






O,M0 


1 1 < 






1 IniviOrQitu Af li^9h/> 




in Q 








5.0-9.9% 


UTX HIth Sri Ctr Houston . 


a,494 


9.9 


University of N Dakota 


1,583 


9.7 




UnivofVt&StAgricCol ... 


2,877 


9.1 




1,320 


8.1 




Univ of Ark Fayetteville 


2,353 


8.6 


San Olego State Univ 


1,353 


8.0 




U of Houston 


1,959 


8.0 


Med Univ of So Carolina . . . 


1,548 


7.9 




Medical College of Wis 


2,018 


6.7 


Rice University* 


1,327 


7.6 




Univ of South Carolina 


1,531 






1,216 


7.0 










Howard University 


1,112 


6.7 










Southern III U-Carbondale . . 


1,19i 


6.4 










Univ of New Hampshire 


1,057 


5.4 










SUNY HIth Sci Ctr-Brklyn .. 


897 


5.3 


n f\ A no/ 

3»0-4.9yo 


Univ of Med & Dent of NJ . . 


1,421 


4.4 










U Tex '^ed Brnch Galveston 


1,146 


A A 










Univ of Rhode Island 


1,130 


4 1 










Univ of Alaska Fairbanks . . 


1,217 


4.0 












1,024 


3 6 










West Virginia University . . . 


862 


3.4 








<3.0% 


George Washington Univ . . 


359 


1.5 


Nor nl^altotaSt. Univ^ 


551 


2.4 




Oregon HIth Sciences Univ . 


243 


0.9 


Univ of Cal Santa Cruz 


460 


£.1 












403 


1.8 










Brandels University 


401 


1.8 










SUNY HIth Sci Ctr-Syracuse 


354 


1 .7 










SUNY at Albany 


271 


4 A 

1.4 












101 


0.6 










St John's Univ (NY)« 


36 


0.2 










Univ of California 


19 


0.1 


Unknown^ 




0 


0.0 










Univ of P R-Mayagueq 


0 


0.0 










Univ of P R-f\^ed Sci Cmpus 


0 


0.0 
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Appendix table 5-7. (Continued) 



IndustridI 
sharo^ 



Campus 



Thousands Indus- 
of Indust7 trial 
dollars share 



Thousands Indus- 

of industry trial 

Campus dollars share 

Rank 176-200 ($10.1 -$6.9 million)^ 

Average Industrial share^ ... 1 1 .5 

University of Akron 2.575 35.8 

Oregon Graduate Center . . , 1 ,722 24«9 

Univ of Central Florida^ .... 2.158 24.9 

Colorado School of Mines . . 1 ,995 23,4 

Stevens Instlt. of Tech^ .... 1,852 20.8 

CUNY City College 1,397 15.4 

Clarkson University 1.113 15.0 

University of Loweli 1,201 14.4 

Unlv of South Alabama .... 914 11.9 

Illinois Inst of Tech 1,002 11.8 

Medical Col of Georgia .... 1,011 10.1 

SUNY at Binghamton 836 9.8 

Cleveland State Univ 484 7.0 

Uof Arkansas Med Scl Cam 476 5.9 

Loyola Univ-Chicago 407 5.7 

Loma Linda University 420 5.6 

Polytechnic University 465 5.5 

Tenn Technological Univ . . , 371 5.3 



Rank 151 -1 75 ($1 5.8-$1 0.1 million)^ 






Average industrial share^ . . 




9.9 


Desort Research Institute . . 


3,376 


26.2 


Michigan Tech University . . 


2,740 


21.6 


University of Notre Dame . . 


2,624 


19.6 


Brigham Young University . 


2,150 


19.0 




2,468 


15.6 


Albany Medical College ... 


1,661 


12.5 




1,354 


10.1 



£10% 



5.0-9.9% 



3.0-4.9% 



SUNY Col of Env Scl & For 

NJ 1st of Technology 

Univ Alabama Huntsville . . . 

University of Denver 

Univ of Missouri Rolla 

New Yorl< Medical College . 

Univ of Texas at Dallas 

University of Mississippi . . . 
Northeastern University . . . 

U of Neb Med Ctr at Omaha 

Univ of Nevada-Reno 

Univ of Wis-Mliwaukee 

Univ of South riorida 

U of MD Center for EES ... 



1,153 
1.026 
992 
1,027 
1,153 
600 
658 
766 
561 



9.9 
9.8 
8.9 
8.4 
7.8 
6.8 
6.2 
5.7 
5.5 



583 
687 
407 



4.7 
4.5 

3.7 



Univ of Missouri Sys Off 
South Dakota State Univ 



436 
340 



4.6 
4.1 



;j.o% 



117 
21 



0.9 
0.2 



Wright State University^ 

Ohio University 

Hp.hnemann University 



65 
62 
33 



0.9 
0.7 
0.4 



Unknowr*^ 



US Naval Postgrad School 
Unit Serv Unlv of HIth Sc . 

Medical Col of Penn 

St. Louis Univ 



G 
0 
0 
0 



0.0 
0.0 
0.0 
0.0 



Florida A&M Univ 

Med Col of Ohio at Toledo 



0 
0 



0.0 
0.0 



^Percentage of total R&D provided by industry. 

^Ranking is derived by sorting campuses receiving R&D funding Into groups of 25 from highest to lowest funding. Dollars show ranye of total R&D expenditures per campus, 
for the 25 campuses. 

^Data Include only those campuses reporting that they received separate industrial R&D support. 
'Data for industrial support were Imputed. 
^Data for industrial support were estimated. 

^includes campuses reporting no industrial support and campuses reporting industrial si ..-port data not available. 
SOURCE: NSF, Academic Sclence/ungineering: R&D Funds, Fiscal Year 1987, NSF 89-31 1 (Washington, DC: NSF 1989). 
See text table 5-2. 
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Appendix table S*3. Federal and non-Federal R&D expenditures at universities and colleges, by 

field and source of funds: 1987 



Total Federal Non-Fedoral' 



rlGlU 


Thousands 
of dollars 


Percent 


Thousands 
of dollars 


Percent 


Thousands 
of dollars 


Percent 




12,081,531 


100.0 


7,325,710 


60.6 


4,755,622 


39.4 




10,192,813 


84.4 


6,213,969 


61.0 


3,978,844 


39.0 




1 '^7R 7A1 

> 1 |Wf O, f H 1 






f 0.0 


>3t3o,lUD 


OA R 






n Q 


79 Ql^C; 
f c.OwO 


OO.O 


S7,0bo 


34.2 


Chemistry 


507,788 


4.2 


365,480 


72.0 


142,308 


28.0 


Physics 


657,587 


5.4 


526.111 


80.0 


131,477 


20.0 




1 03,444 


0.9 


76,690 


74.1 


26,755 


25.9 




832,003 


6.9 


546,008 


65.6 


285,994 


34.4 




132,008 


1.1 


107,396 


81.4 


24,612 


18.6 




285.552 


2.4 


161.344 


56.5 


124,208 


43.5 




296.247 


2.5 


218,816 


73.9 


77,431 


26.1 


Other environmental sciences . . . 


118,196 


1.0 


58,453 


49.5 


59,744 


50.5 


Mathematical sciences 


180,491 


1.5 


131.271 


72.7 


49,220 


27.3 




370,284 


3.1 


252,680 


68.2 


117,604 


31.8 




• v.*rrO|HOw 




7 A9R 1 7^ 




9 fiC;9 Qi n 


Ar\ Q 


Anrinilfiiral cplonnoe 


1 1 ftQ QHA 
• 1,l09,t3U*f 


Q 7 


9QQ AA7 




009,00f 


74.4 


RInlnnlrsI crfonrAc 




1 7 n 

1 f .u 


1 QQ7 AAR 
1 ,09f ,D00 




ACQ R1 7 


CCxl 




• O.U 1 1 1 f f w 


OA Q 






1 Q 99Q 


OO.O 




240,205 


2.0 


136,472 


56.8 


103,733 


43.2 




187,637 


1.6 


122,141 


65.1 


65,496 


34.9 




496,833 


4.1 


168,607 


33.9 


328,226 


66.1 




144,132 


1.2 


42,624 


29.6 


101,508 


70.4 




80,989 


0.7 


23,721 


29.3 


57,268 


70.7 




88,040 


0.7 


43,092 


48.? 


44,948 


51.1 




183,672 


1.5 


59,169 


32.2 


124,503 


67.8 




268,339 


2.2 


126,451 


47.1 


141,888 


52.9 




1,888,718 


15.6 


1,111,740 


58.9 


776.978 


41.1 


Aeronautical and astronautical 


116,266 


1.0 


87,669 


75.4 


28,598 


24.6 




140,438 


1.2 


69,880 


49.8 


70,568 


50.2 


Civil 


190,975 


1.6 


92,361 


48.4 


98,614 


51.6 


Electrical 


445,927 


3.7 


292,735 


65.6 


153,192 


34.4 


Mechanical 


274,609 


2.3 


175,915 


64.1 


98,694 


35.9 




720,502 


6.0 


393.181 


54.6 


324,322 


45.0 



^See appendix table 5*2 for detail on non-Federal sources. 



SOURCE: NSF. Academic Sclence/Enginoering: R&D Funds. Fiscal Year 1987, NSF 89-31 1 (Washington. DC: NSF. 1 989). 
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Appendix table 5*9. Expenditures for academic R&D, by field: 1976*87 





1 Q7fs 
1 or 0 


1 Q77 

lor f 


1 Q7A 

1 or 0 


1 Q7Q 

1 or y 


1980 


1S81 


1982 


4 000 


4 no A 


4 f>oe 

1985 


1986 


1987 











. 


Thousands of current dollars 




, — 








Total 


3,729,007 


4,066,953 


4,624,673 


5.361,408 


6,061 ,07e 


£i QAC 4 CO 

O,o4o,1o2 


7,324,391 


7.863,642 


8,623.264 


9,694,563 


10.925,507 


12.081,531 


Total sciences 


3,297,280 


3,568,480 


4.023.611 


4.593 001 


5.195.716 


5.877,110 


6,291,150 


6 761 2S3 

V| 9 \J 1 |bWW 


7 399 9S7 
r .woo.ow r 


fl P7R 079 




in 1Q9 Al') 


fnysiwcii sciDncoo • • . • 




>IOQ >IJS7 


490,399 


601,904 


C7fi nfiQ 
OrO,Uo«5 






900,889 


995,548 


1,147,737 


1,281,940 


1.378.741 


Mairunumy •**..•• 


oe OQA 




Qft 700 


AQ ARQ 


CO CQO 

OOiOoc 


C7 QHQ 

Or ,«5Uo 


7Q 4 cn 


73,493 


80,118 


95,115 


4 AA ^ AA 

100,189 


109,921 




1 *fU| 1 4c 


i CQ QCQ 
1 0o,«50«5 




one AOA 


244,823 


285,505 


308,667 


335,o90 


369,945 


422.087 


468,386 


P A "VA A 

507,788 






cU1 ,000 


OQK ^QQ 
c«50,Uoo 




322,473 


357,343 


366.964 


416,945 


A^< 4 f\0 

471,198 


AAA 

550,333 


MAA A#%^ 

628,395 


657.587 


Other 






Ai QQ7 
41 ,«30r 


04,991 


52,195 


56,579 


75,681 


con 

74,560 


74,288 


AM Am A 

80,202 


84,970 


1 03,444 


Environmental 


























sciences 


288,531 


319,398 


379,391 


452,915 


0U0,001 


oou.oou 


eCQ C04 

000.621 


617,940 


651,074 


708 834 


780 147 

r os/i 1 1 r 


A')p 00') 


Atmospheric 


NA 


NA 


NA 


NA 


A7 QAA 


70 icc 
ro.lOO 


OO.OOO 


97^992 


104!792 


110,202 


123,731 


132,008 


Earth sciences 


NA 


NA 


NA 


NA 


i A7 AR7 
< Or ,00r 


ion l(^A 
1 oU,1 00 


4 QC 74 Q 

1 oO,r 1 0 


217,438 


227,585 


252,669 


275,167 


285,552 


\J\j\jar\\jQiapriy * . , . 


MA 


MA 


MA 


MA 


^ 71 CCQ 

1 r 1 ,00o 


1 A7 07C 

lof ,Cf a 


4 QQ QQQ 
1 90.000 


nno 00c 

223,000 


236,730 


256,594 


277,918 


AMM A J 

296,247 


Othnr 


MA 


MA 


MA 


MA 


61,629 


93.161 


78,154 


70 0nc 

7o.62o 


79,967 


on A0> A 

89.369 


4 A A A A J 

103.331 


118.198 


Mathematical sciences 


42,491 


52,312 


58,756 


78,477 


78.773 


88.532 


97.985 


107,999 


124,801 


129,898 


163.452 


180,491 


Computer science ... 


44.503 


55,563 


67,422 


97,921 


1 1 0,000 


1 QO 7Q7 
1 Oc,r or 


4 AQ '5A7 
1 4y.J4r 


1 75 658 


223,577 


281 142 


318 465 


370 284 




2,101,695 


2,258,806 


2,536,004 


2,832,523 


3.217,642 


3,694,867 


4.015,390 


4 307 626 


4 715 507 


5 277 846 


5 894 747 

w.wO"t| r "t r 


6 478 49S 


Agricultural sciences 


412,667 


460,647 


521,745 


602,485 


678.816 


788,014 


864.336 


921,103 


955.481 


1,054,843 


1,144,474 


1.169.304 


Biological sciences . 


710.724 


772,290 


606,500 


914,806 


1,030,191 


1,188,664 


1.288,261 


1,420,410 


1,572,032 


1,721,128 


1,869,375 


2.057,203 


Medical sciences . . 


697,376 


950,907 


1,126,652 


1,237,556 


1,416,364 


1,605,247 


1,738,706 


1,834,164 


2,037,191 


2,322,316 


2,658,020 


3.011,773 


Other life sciences . 


60,726 


74,962 


79,107 


77,676 


92,271 


112,942 


1 24.087 


131.949 


150,803 


179,558 


222,877 


240.205 


Psychology 


77,666 


65,133 


89,664 


100,531 


ill HAA 
111 .U04 


IcO.f «30 


4 QO 070 


136.850 


144,712 


157 652 

1 W V . WWb 


1 69 543 

1 Ww.W*Vw 


1 87 637 

1 U « .WW 1 




262,261 


266,067 


277,497 


295,138 


341,725 


370,518 


357,257 


348 992 


366 457 

www , I w • 


386 937 

www 1 WW f 


458 299 


496 833 
*tou,oww 




65,447 


72,124 


79.129 


83,089 


90,817 


99,751 


96,161 


99,086 


109,867 


118,121 


132,855 


144,132 


Political science . . . 


26,355 


32,314 


36,571 


45,431 


55,391 


56,485 


61,561 


56,009 


57,053 


59,745 


69,060 


80.989 




66,246 


61,939 


66,900 


74,641 


87,992 


94,414 


79,821 


78,440 


74,030 


77,633 


87,85; 


88,040 


Other social sciences 


102,213 


101,710 


94,897 


91.977 


107,525 


119,868 


119,714 


115,457 


123,507 


131,439 


168,527 


183.672 






1 0R 70A 
1 UO,r 


i i e A7A 


1«3«3,Ooc 


1 46,203 


1 44 56B 


155 806 


lD0,2i)9 


4 ^0 004 

178, 281 


4 OC A AC 

185,026 


4 4^ 

227,114 


ACO AAA 

268.339 




431,727 


496,473 


601,062 


768,407 


865.862 


968,052 


1,033,241 


1,122,389 


1,223,307 


1,419,491 


1,641,802 


1.888.716 


Aeronautical/ 


























astronautical 


NA 


NA 


NA 


NA 


45,983 


45,886 


60,255 


65,739 


67.061 


86,498 


99,872 


11 £.266 


Chemical 


NA 


NA 


NA 


NA 


67,768 


84,399 


83,173 


90,764 


95.360 


109,263 


125,521 


140,438 


Civil 


NA 


NA 


NA 


NA 


88,132 


114,122 


114,543 


124,882 


140.912 


155,274 


178,697 


190.97(5 




NA 


NA 


NA 


NA 


184,286 


19P,848 


224,245 


261 ,241 


294,850 


337,607 


396,218 


445.927 


Mechanical 


NA 


NA 


NA 


NA 


147.157 


149,096 


142,352 


148,556 


178,646 


507,414 


226.709 


274.609 


Other engineering . . . 


NA 


NA 


NA 


NA 


332,536 


381.699 


408,673 


431,207 


446,478 


523,435 


614,784 


720,502 



(continued) 



33b 



Appendix table 5*9. (Continued) 



Field 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 



Thousands of constant 1982 dollars' ••■ — • — — 



Total 


5,912,489 


6,067,362 


6,448,233 


6,882,424 


7,153,148 


7,343,806 


7,324,391 


7,563,698 


7,970,482 


8.692,337 


9,535,265 


10,217,804 




5.227,969 


5,323,706 


5,610,166 


5,896,022 


6,131,362 


6,305,235 


6,291,150 


6,486,859 


6,839,779 


7,419,593 


8,102,379 


8,620,444 


rnysiCai scisncGS . . « . 




001 ft HO 


092, 1 00 


/ /c,00c 


onn 1 no 


qo^ coo 


0?4,47rC 


oo4,o2o 


920,185 


1,029,084 


4 4 4 Q Q4 7 

1,118,817 


1,166,053 




HI ,oyu 




01, coo 




CO 1 >l Q 


/2,cUo 


1 cn 

7o,io0 


70,010 


yA neo 
/4,0oo 


85,282 


AAf\ 

87,440 


no n^A 

92,964 




000 901 


9*37 7QA 


9ce fiAO 
dOOiOHd 


OCtA QD9 


9QQ Q1 A 


one or\o 


o0o,OO7 


o22,2oo 


OA 4 QAf\ 

o41 ,940 


07Q ACO 

o78 ,4o2 


408, 785 


A on ACC 

429,455 






oUU,o4o 


Q97 Qni 


07A fifiO 
OfHfOOC 


OQn &AA 


OOO OVA 

000,0/4 


000,904 


400,020 


AOH eoQ 
4o5,o2o 


493,439 


CA Q AOfl 

548,433 


CC^ 4 A^ 

556,1 46 


Other 


47,397 


44,887 


57,706 


70,592 


61 ,594 


60,701 


75,681 


71,534 


68.664 


71,911 


74,158 


87 486 


Environmental 




























457,477 


476,500 


528,989 


581,406 


600,131 


590,452 


558,621 


592.862 


601,788 


635,555 


680,875 


703,656 




NA 


NA 


NA 


NA 


79.521 


84,933 


86,365 


94,015 


96,859 


98,809 


107,987 


111,644 


cann sciences «... 




MA 


MA 
IMM 


MA 

iMm 


001 cno 
221,o9o 


204,010 


195,719 


20o,o14 


210,357 


226,548 


nAn 4 CO 

240,153 


o ^ 4 cnn 

241,502 


v/ceanogropny . . • • 


MA 


MA 


MA 

rMM 


MA 
rMM 


OnO CQQ 

cU^,00O 


201,061 


i9o,3oo 


214,799 


220,690 


230,067 


Oil O CCA 

242,554 


OCO CA*7 

250,547 




MA 


MA 

rMM 


MA 
PMM 


MA 
PMM 


90,OC9 




/0,104 


/0,434 


^d,91o 


on 4 on 
oO,1cO 


no 4 QO 

90,182 


nn nfio 

99,963 


Mathematical sciences 


67,371 


78,043 


81,924 


100,741 


92,958 


94,981 


97,985 


103,616 


115,354 


116,469 


133,926 


152,648 


Computer science . . . 


70,561 


82,893 


94,007 


125,701 


134,122 


142,471 


149,347 


168,529 


206,652 


252,077 


277,941 


313,163 




3,332,321 


3,369,843 


3,538,767 


3,636,101 


3,797,076 


3,964,024 


4,015,390 


4,132,808 


4,358,542 


4,732,221 


5,144,656 


5,479.098 


Agricultural sciences 


654,617 


687,225 


727,475 


773,408 


801,057 


845,418 


864,336 


883,722 


883,151 


945,793 


998,843 


988,924 


Biological sciences . 


1,126,881 


1,152,156 


1,127,301 


1,174.334 


1,215,708 


1,275,254 


1,288,261 


1,362,765 


1,453,029 


1,543,197 


1,631.502 


1,739,854 


Medical sciences . . 


1,422,825 


1,418,629 


1,573,692 


1,588,647 


1,671,423 


1,722,183 


1,738,706 


1,759,728 


1,882,975 


2,082,234 


2,319,794 


2,547,169 


Other life sciences . 


127,997 


111,834 


110,300 


99,712 


108,887 


121,169 


124,087 


126,594 


139,387 


160,995 


194,516 


203.150 




123,495 


127,007 


125,020 


129,051 


131,088 


138,116 


132,272 


131,29fi 


133,757 


141,354 


147,969 


158,692 


Social sciences 


415,825 


399,951 


386,917 


378,868 


403,263 


397,509 


357,257 


334,829 


338,716 


346,935 


399,982 


420,190 




103,769 


107,600 


110,330 


106,661 


107,171 


107,017 


96,161 


95,065 


101.550 


105,910 


115,950 


121,898 


Political science . . . 


44,958 


48,208 


50,991 


58,320 


65,366 


60,600 


61,561 


53,736 


52,734 


53,569 


60,272 


68,495 


Sociology 


105,036 


92,405 


93,279 


95,816 


103,838 


101,292 


79,821 


75,257 


68,426 


69,607 


76,677 


74,459 


Other social sciences 


162,063 


151,738 


132,316 


118,071 


126,888 


128,600 


119,714 


110,771 


116,006 


117,851 


147,082 


155,338 




1 QQ7 


1 R7 79ft 


1 ft9 A(\7 


1 71 AOO 


1 79 R'il 
1 / c,00 1 


1 cc noQ 
1 90,U99 


1 CC QHfi 
lOOiOUO 


4 CO CQ1 


104, / 00 


1o5,o9o 


1 98,21 4 


226.944 




684,520 


743,657 


838,067 


986,402 


1,021,787 


1,038,571 


1,033,241 


1,076,839 


1,130,702 


1,272,744 


1,432,887 


1.597.360 


Aeronautical/ 




























NA 


NA 


NA 


NA 


54,264 


49,231 


60,255 


63,071 


61,984 


77,556 


87,164 


98,331 




NA 


NA 


NA 


NA 


79,972 


90,547 


83,173 


87,080 


88,141 


97,987 


109,549 


118,774 


Civil 


NA 


NA 


NA 


NA 


104,003 


122,435 


114,543 


119.814 


130,245 


139,222 


155,958 


161,515 


Electrical 


NA 


NA 


NA 


NA 


217,472 


206,896 


224,245 


250,639 


272.530 


302,705 


345.800 


377,'<37 




NA 


NA 


NA 


NA 


173,657 


159,957 


142,352 


142,527 


165,122 


454,957 


197,861 


232,247 


Other fBnglneering . . . 


NA 


NA 


NA 


NA 


392,419 


409,504 


408,673 


413,707 


412,680 


469,322 


536,554 


609,356 



NA m Not available. 



^Seo appendix table 4*1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SOURCES: NSP. Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 69-31 1 (Washington, DC: NSF, 1989), and the samo publication title for earlier years. 

See figure 0*21 In Overview. Science & Engineering Indlcators^-iBSQ 
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Appendix table 5*10. Capital fund expenditures for facilities and certain equipment 

in academic S/E: 1964-87 



Total Federal sources Non-Federal sources 

Current Constant Current Constant Current Constant 
dollars 1982 dollars^ dollars 1982 dollars^ dollars 1982 dollars^ 



Thousands of dollars 







1,602,094 


134,439 


406,775 


395,053 


1,195,319 






NA 


NA 


NA 


NA 


NA 






1,919,968 


212,397 


61 1 ,390 


454,600 


1 ,308,578 






NA 


NA 


NA 


NA 


NA 


1968 


1,070,727 


2,879,072 


340,447 


915,426 


730,280 


1,963,646 






NA 


NA 


NA 


NA 


NA 


1970 




2,294,776 


279,316 


673,375 


672,557 


1,621,401 


1971 


NA 


NA 


NA 


NA 


NA 


NA 


1972 




1,981,083 


236,836 


514,190 


675,651 


^ 1,466,893 


1973 


835,862 


1,728,774 


224,651 


464,635 


611,211 


1,264,139 


19/4 


841,560 


1,613,420 


225,681 


432,671 


615,879 


1,180,750 


1975 




1,771,163 


270,083 


469,546 


746,690 


1,301.617 


1976 




1,680,337 


206,890 


333,264 


836,263 


1,347,073 


1977 




1,432,215 


195,519 


291,689 


764,495 


1,140,527 


1978 




NA 


NA 


NA 


NA 


NA 


1979 




893,733 


164,460 


211,117 


531,758 


682,616 


1980 


794.512 


937,588 


149,563 


176,496 


644,949 


761,092 


1981 


958,588 


1,028,418 


153,600 


165,004 


804,788 


863,414 






969,147 


116,651 


116,651 


852,496 


852,496 


1983 


1.096,594 


1,052,091 


129,294 


124,047 


967,300 


928,044 


1984 




1,120,086 


138,383 


127,907 


1,073,438 


992,179 


1985 


1,249,941 


1,120,722 


103,758 


93,031 


1,146,183 


1,027,690 


1986 


1,516,807 


1,323,797 


148,647 


129,732 


1,368,160 


1,194,065 


1987 




1,505,240 


167,478 


141,642 


1,612,319 


1,363,599 



NA B Not available. 

^See appendix table 4-1 for GNP Implicit price deflators used to convert current dollars to constant 1 982 dollars. 

Note: Data are for expenditures on facilities used for research, development, and Instruction, and for expenditures on nonfixed equipment 
costing over$1 million. 

SOURCES: NSF, Academic SciGnce/Engineering: Rao Funds, Fiscal Year 1987, NSF 89-31 1 (Washington, DC: NSF. 1989): and the 
same publication title for earlier years. 

See figure 5-3. 
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Appendix table 5>11. Capital expenditures at universities and colleges, by field and source of funds: 1960*87 



Field 1980 1981 1982 1983 1984 198S 1986 1987 

Tliousands of current dollars 





794,512 


958,588 


969,147 


1,096,594 


1,211,821 


1,249,941 


1,516.807 


1 ,779,796 




09,297 


103,329 


4 A A A C*9 

144,457 


4 A can 

134,539 


141,969 


182,386 


309.938 


389,168 




705,215 


655,259 


824,690 


962,055 


1,069,852 


1,067,555 


1,206,869 


1,390,609 


Physical sciences 


77,154 


87,813 


82 100 


96 752 

wW| r Wb 


iid sas 


iiQ 


1 Hc,w wO 






36,208 


35,025 


42,365 


40,965 


36,662 


53,822 


46,793 


51,526 


Mathematical/computer sciences . 


32,318 


30,517 


34,328 


52,897 


49,563 


76,772 


89,579 


81,422 




459,057 


603,651 


590,353 


678,378 


740,785 


712,304 


797,493 


944,562 




17,982 


10,991 


12,798 


16,667 


35,190 


13,909 


18,765 


10,703 


Social sciences 


35,073 


45,138 


30,797 


40,718 


51,933 


61,785 


50,390 


55,381 




47,423 


42,224 


31,949 


35,678 


41,022 


29,413 


61,453 


90,964 




4 AO ceo 
149,000 


1 53,800 


4 4 c ce 4 

116,651 


4 an anil 

129,294 


dan ana 

138,383 


103,758 


148,647 


167,478 


Engineering 


20,438 


17,601 


18,136 


15,831 


23,267 


12,623 


29,558 


39,101 




129,125 


136,199 


98,515 


113,463 


115,116 


91,136 


119,089 


128,377 


Phvriical sciences 


22,463 


25,529 


20 154 

bW, 1 W"T 


17 gsp 

1 r )0wc* 


17 619 


on ^OQ 


OH,w99 


"^S 171 




8,033 


6,866 


4,404 


3,488 


3,269 


3,075 


5,642 


12,010 


Mathematical/computer sciences . 


5,653 


4,944 


3,798 


4,276 


4,821 


6,657 


13,892 


9,399 




00,105 


On A 4 n 

69,410 


66,004 


80,565 


84,855 


46,281 


55,654 


54,661 






4 con 
1,580 


1 ,020 


4 aa ^ 

1,004 


981 


761 


1,346 


796 




1,528 


6,376 


1,374 


4,845 


2,924 


2,099 


2,430 


3,431 


^itnAV M^t^MM^^A C 


O Oil 4 


4 An A 

1 ,494 


1,758 


1,333 


646 


1,774 


6,065 


12,909 




644,949 


804,788 


852,496 


967,300 


1,073,438 


1,146,183 


1,366,160 


1,612,319 


M M 1 0^ A A Vt 0% 


68,859 


85,728 


126,321 


118,708 


118,702 


169,763 


280,380 


350,087 




576,090 


719,060 


726,175 


848,592 


954,736 


976,419 


1,087,780 


1,262,232 




54,691 


62,284 


61,946 


78,800 


97,070 


89,062 


108,337 


120,881 




28,175 


28,159 


37,981 


37,477 


33,393 


50,747 


41,151 


39,516 


Mathematical/computer sciences . 


26,665 


25,573 


30,530 


48,621 


44,742 


70,115 


75,687 


72,023 




372,952 


514,141 


524,349 


597,813 


655,930 


666,023 


741,839 


889,901 




15,980 


9,411 


11,775 


15,663 


34,209 


13,148 


17,419 


9,906 




33,545 


38,76? 


29,423 


35,873 


49,009 


59,686 


47,960 


51,950 




44,082 


40,730 


30,191 


34,345 


40,376 


27,639 


55,388 


78,055 



Thousands of constant 1982 dollars^ 



Total 


937,588 


1,028,418 


969,147 


1,052,091 


1,120,086 


1,120,722 


1,323,797 


t, 505,240 




105,378 


110,856 


144,457 


129,079 


131,222 


163,531 


270,499 


329,151 




832,210 


917,561 


824,690 


923,012 


986,864 


957,191 


1,053,298 


1,176,090 




91,048 


94.210 


82,100 


92.825 


1 06,01 i> 


107,192 


124,276 


131,979 




42,728 


37,576 


42,365 


39,303 


33,687 


48,258 


40,839 


43,577 


Mathematical/computer sciences . 


38,138 


32,740 


34.328 


50,750 


45.61 1 


68,835 


78,180 


68,862 




541,724 


647,517 


590,353 


650,847 


684,707 


6:8,666 


696,014 


798,851 




21,220 


1 1 ,792 


12,798 


15,991 


32.526 


12,471 


16,377 


9,052 




41.389 


48,426 


30.797 


39.066 


48,002 


55,398 


43,978 


46,838 




55,963 


45,300 


31,949 


34,230 


37.917 


26,372 


53,633 


76,932 




176,496 


165,004 


116.651 


124,047 


127,907 


93,031 


129,732 


141,642 


Engineering 


24.118 


18.883 


16,136 


15,189 


21,506 


11,318 


25,797 


33,069 




152,378 


146.121 


98,515 


108.858 


106,402 


81,714 


103,935 


108,573 


Physical sciences 


26,508 


27,389 


20,154 


17,223 


16,265 


27,337 


29,725 


29,745 




9.480 


7,366 


4.404 


3,346 


3,022 


2,757 


4.924 


10.157 


Mathematical/computer sciences . 


6,671 


5,304 


3,798 


4,102 


4,456 


5,969 


12,124 


7,949 




101,611 


95,923 


66,004 


77,295 


78,431 


41.496 


48,572 


46,229 




2,363 


1,695 


1.023 


963 


907 


682 


1,175 


673 


Social sciences 


1,803 


6,840 


1,374 


4,648 


2.703 


1,862 


2,121 


2,902 




3,943 


1,603 


1,758 


1.279 


597 


1,591 


5,293 


10,918 



(continued) 
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Appendix table 5-11. (Continued) 



Field 


1980 


1981 


1982 


1983 


1984 


1985 


1986 


1987 


Non«Ped6rat sourcss 


761 QQO 




— ~ Thousands of constani 
852,496 928,044 


1 1982 dollars! — 

992,179 1,027,6-0 


1,194,065 


1,363,599 




81,259 


91.973 




Vi 3,890 


109,716 


152,213 


244,702 


296,082 


Total sclencGS 


W r 9iOw£ 


771 AA^ 


726,175 


814,153 


882,462 


875,477 


^\ A AAA 

949,363 


1.067.517 


Physical sciences 




OOiO£ 1 


61,946 


75,602 


89,729 


79.855 


94,551 


102,234 


Environmental sciences 


33,249 


30,210 


37,961 


35,956 


30,865 


45,501 


35 915 

WW , W 1 w 


33 420 


Mathematical/computer sciences . 


31,467 


27,436 


30,530 


46,648 


41,355 


62,866 


66,056 


60,913 




440,113 


551 ,594 


524,349 


573.552 


606,276 


597,169 


647,442 


752,623 




18,858 


10,097 


11,775 


15,027 


31,619 


11,789 


15,202 


8,378 




39,586 


41,586 


29,423 


34,417 


45,299 


53,516 


41,857 


43,936 




52,020 


43.697 


30,191 


32,951 


37,320 


24,782 


48,340 


66,014 



N.E.C. • Not elsewhere classified. 

^See appendix table 4-1 for GNP Implicit price deflators used to convert current dollars to coiistant 1982 dollars. 
SOURCE: NSF. Academic Sdonce/Englneering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC; NSF. 1 989), 
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Appendix table 5-12. Cost end square footage of academic R&D construction: 1986+1987 and 19884-1989 

New R&D space Cost^ Cost per square foot 

P'Q'd 1986+19S7 19884-1389 19864-1987 1988+1989 198 6»i-1987 1988+1989 

~- Thousands of square feet — Millions of dollars Dollars 

Total 9,989 11,829 2,063 3,399 207 287 

Engineering 2,409 1.903 434 501 180 263 

Physical sciences 803 1,782 183 533 228 299 

Environmental sciences 384 427 57 i26 148 P9r 

Mathematics 9 34 2 6 222 176 

Computer science 240 224 61 69 254 308 

Agricultural sciences 1,542 809 153 216 99 267 

Biological sciences 1,730 2,435 478 668 276 274 

Medical sciences i,927 3,263 502 1083 261 332 

Psychology 134 78 24 29 179 372 

Social sciences 203 233 38 62 187 266 

Other sciences 607 641 140 105 231 164 

* Project cost estimates are prorated to reflect R&D component only. 

Note: Data for 2 years are combined, e.g. 1 986+1 987 means data for 1 986 and 1 987 are added together. 

SOURCE; NSF, Scientific and Engineering Research Faciiities at Universities and Coileges: 1988, NSF 88-320 (Washington. DC: NSF. 1 988). 
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Appendix table 5*13. Cuiidnt fund expenditures for research equipment at universities and colleges, 

by field: 1980*97 



Field 1980 1981 1982 1983 1984 1985 1986 198/ 



Thousands of current dollars 

Federal and non-Fsderal 



Total 


333.468 


413,972 


408,479 


435,173 


f18,125 


65',,640 


778,346 


832,518 




55.620 


69,008 


65,861 


75,018 


90,650 


119,458 


142,161 


172,044 


Physical sciences 


54 019 


76 1d1 


78 126 


79 '?7'5 


107 AfiCi 








Environmental sciences . . . . 


24,458 


31,479 


28,321 


31,521 


40,806 


46,992 


52,456 


56,100 




1,605 


1,902 


2,556 


2,668 


4,539 


5.747 


5,365 


8,193 




8,153 


10,899 


12,672 


15,615 


19,056 


36,668 


46,086 


48,581 




170,007 


202,184 


199,57' 


205,680 


225,575 


269,603 


327,553 


333,615 




4,291 


6,022 


5,784 


6,629 


7,066 


8,480 


8,329 


10,417 




8,989 


9,179 


7,143 


8,961 


12,727 


9,334 


13,552 


11,927 




6,326 


/,158 


8,461 


9,711 


10,257 


1 5,026 


19.852 


27,154 


Federal 




















220,061 


265,046 


266.780 


272,819 


335,49b 


427,1 b9 


S02.17Q 


524,7C J 




34,984 


42,396 


43,220 


46,958 


59,278 


75,960 


82.103 


99,086 


Physical sclencfis 


44 364 


S8 475 

uwi*tr w 






OW, f HO 


1 1*? 007 


101 t**w^ 


l£9iOr O 


Environmental sciences 


16,212 


19,165 


18,423 


19,649 


29,477 


32,102 


36,840 


36,699 




1,111 


1,127 


1,617 


1,476 


3,213 


4,700 


3,813 


6.045 




3,446 


5,436 


8,215 


10,229 


14,056 


32,709 


38,881 


39,555 




109,112 


126,175 


120,189 


117,039 


128,837 


151,265 


187,242 


187,884 




3,278 


4,466 


4,219 


4,749 


5,016 


6,198 


5,668 


7,929 




4,292 


3,999 


2,907 


2,917 


3,484 


4,196 


4,503 


3,730 




3,262 


3,609 


5,306 


5,747 


5,387 


6,932 


11,635 


14,127 


Non-Federal 




















113.407 


148,924 


1A1.699 


162,359 


182,632 


227,682 


276,169 


307,785 




20,636 


26,612 


22,641 


26,060 


31,372 


43,498 


60,058 


72,958 




9,655 


17,666 


15,484 


17,320 


20,705 


28,435 


31,497 


34,810 


Environmental sciences 


8,246 


12,314 


9,898 


11,872 


11,329 


14,691 


15,616 


19,400 




494 


775 


939 


1,192 


1,326 


1,047 


1,553 


2,148 




4,707 


5,463 


4,457 


5,386 


4,999 


5,959 


7,208 


9,026 




60,895 


76,009 


79,385 


86,641 


96,737 


118,338 


140,310 


145,731 




1,013 


1,556 


1,565 


1.880 


2,050 


2,282 


2,660 


2,488 




4,697 


5,180 


4,236 


6,044 


9,243 


5,138 


9,049 


8,197 




3.064 


3,349 


3,155 


3,964 


4,870 


8,094 


8,217 


13,027 



— ' ~ Thousands of constant 1 982 dollars^ 

Federal and non-Federal 





393,519 


444,128 


408,479 


417,517 


478.903 


587,142 


679,304 


704,092 




65,638 


74,035 


65,861 


71.974 


83,788 


107,108 


124,071 


145,504 




63,747 


81,688 


78,126 


76,154 


99,316 


126,900 


142,249 


139,113 


Environmental sciences 


28,862 


33,772 


28.321 


30,242 


37,717 


42,134 


45.781 


47,446 




1,894 


2,041 


2,556 


2,560 


4,195 


5,153 


4,662 


6,929 




9,621 


11,693 


12,672 


14,981 


17,613 


34,670 


40,223 


41,087 




200,622 


216,912 


199,574 


197,333 


208,499 


241,731 


285,873 


282,151 




5,064 


6,461 


5,784 


6,36U 


6,531 


7,603 


7,269 


8,810 




10,608 


9.848 


7,143 


8.E97 


11,764 


8,369 


11,828 


10,087 




7,465 


7,679 


8,461 


9.317 


9,481 


13,473 


17,326 


22,965 
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Appendix table 5-1 3. (Continued) 

1980 1931 19 82 1983 1984 liii igii liiT" 
Thousands of constant 1 9Q2 dollars' — ~ 

Federal 

"^O*^' 259,690 284,356 266,780 261,747 310,098 382,999 438,275 443,786 

41.284 45,484 43,220 46,971 54,791 68,107 71,656 83.801 

Physical sciences 52,353 62,735 b2,642 59,537 80.179 101,405 114,760 109,672 

Environmental sciences ... . 19,131 20,561 18,423 18,852 27,246 28,783 32,152 - 31,038 

Mathematics 1,311 i,209 1,617 1,416 2.970 4.214 3,328 5 112 

Computer science 4.067 5,832 8.215 9,814 12,992 29,328 33,933 33,453 

Life sciences 128,761 135,366 120,189 112,289 119.084 135,627 163,416 158.901 

Psychology 3,868 4,791 4.219 4,556 4,636 5,557 4,947 6 70 

Social sciences 5.065 4,290 2,907 2,799 3,220 3,762 3,930 3 

Other sciences 3,849 4,086 5,306 5.514 4,979 6,215 10.154 ll.'tkt) 

Non-Federal 

"•"O'^' 133.829 159,773 141.699 155.770 168,807 204,144 241.027 260,305 

f^B"'"®®;'"? 24,352 28,551 22,641 25,002 28,997 39,001 52,416 61,703 

Physical sciences 11,394 18,953 15,484 16.617 19,138 25,495 27,489 29,440 

Environmental sciences .... 9.731 13,211 9,898 11,390 10.471 13.352 13,629 16 407 

Mathematics 583 831 939 1,144 1,226 939 1,355 1 817 

Computer science 5,F55 5,861 4,457 5,167 4,621 5.343 6,291 7634 

Life sciences 71.861 81,546 79.385 85,044 89,414 106,104 122.456 123,250 

Psychology 1,195 1,669 1.565 1,804 1,895 2,046 2,322 2.104 

Social sciences 5.543 5.557 4.236 5,799 8,543 4,607 7,898 6,933 

Other sciences 3.6I6 3.593 3,155 3,803 4,501 7.257 7.171 11.017 

'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1 982 dollars. 
SOURCE: NSF. Academic Science/Engineering: RSD Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF. 1989). 
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Appendix table 5-14. National stock of In-use academic Instrumentation, Ir. selected fields: 1982/83 and 1985/86 

Instrument systems Aggregate purchase price Mean price/system 

flfl^ 1982/83 1985/86 19e.a'fe3 1985/66 1982/83 1985/86 

Percent Percent Percent 

Number ch ange Millions of dollars change Thousan ds of dollars change 

Total 36.300 53,900 48 1311 1882 44 36A 36^3 1 

Engineering 6,800 9,300 37 261 349 34 38.5 39.5 3 

Agricultural sciences I.6OO 2.600 63 37 60 62 22 7 24 0 6 

Biological sciences 15,300 22,300 46 420 624 49 27 4 28 6 4 

Colleges & universities .. 6.400 10,300 61 166 272 64 25 9 27 3 5 

Medical schools 8,900 12.000 35 254 352 39 28 6 29 7 4 

Computer science 900 2,200 144 50 93 86 57 8 44 8 -22 

Environmental sciences .. . 2.100 3.300 57 109 160 47 516 506 -2 

Materials sa'ence 600 800 33 34 43 26 53 0 54 8 3 

Physical sciences 8.800 12,300 40 390 511 31 44 6 43 9 2 

Interdisciplinar y, N.E.C . . ■ . 200 1,200 500 8 42 425 (') SQ.Q (1) 

N.E.C. B Not disewhere classified. 
'Estimate is unstable. 

Note: Estimates for the agricultural, biological, and environmental sciences are for 1 983 and 1 986. Estimates for all other fields are for 1 982 and 1 985 Data apply 
0 instrument systems costing between $10,000 and $1 million. Data exclude Instrument systems not yet in use (approximately 1,200 systems) and 
nactive/lnoperable systems (approximately 9.300 systems). Detail may not add to total because of rounding. Data are adjusted for inflation both in terms of 
Instrument prices and in weighting school responses based on their total R&D expenditures. 

SOURCE: NSF. Academic Research Equipment In Selected Science/Engineering Fields: 1982-83 to 1985-86, SRS 88-01 (Washington, DC: NSF. 1988). 
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Appendix table 5-15. Instmmentatlon-related expenditures in academic departments and facilities, in selected fields: 1982/83 and 1985/86 

Purchases of research-related Equipment 
Total Purchases of research equipment^ computer services maintenance and repair 



Field 


1982/83 


1985/86 




1982/83 


1985/86 




1982/83 


1985/86 




1982/63 


1985/86 






Millions of dollars 


Percent 
change 


Millions of dollars 


Percent 
change 


Millions of dollars 


Percent 
change 


Millions of dollars 


Percent 
change 




638 


809 

WW »i/ 


di 


413 


612 




121 


66 


• 


104 


131 


CQ 




146 


193 




86 


146 




41 


20 


-01 


19 


26 






41 


41 


1 


26 


30 


A 

w 


7 


5 




5 


6 


on 




192 


220 


14 


132 


173 


31 


28 


9 


•66 


32 


38 


16 


COi.eges and universities 


79 


102 


29 


52 


82 


58 


13 


5 


•62 


14 


15 


a 


Medical schools 


113 


118 


4 


81 


91 


13 


15 


4 


-73 


18 


23 


26 




29 


58 


100 


20 


41 


108 


4 


4 


0 


6 


13 


103 




49 


63 


29 


33 


46 


38 


7 


7 


0 


9 


10 


8 




12 


9 


■27 


10 


8 


-17 


1 


1 


0 


2 


1 


-57 




151 


196 


30 


91 


147 


61 


32 


18 


•44 


28 


31 


10 


Interdisciplinary, N.E.C 


18 


30 


69 


13 


21 


58 


2 


3 


50 


3 


6 


131 



N.E.C. m Not elsewhere classified. 

^Data are for research equipment costing $10,000 to $1 million per system. 

Notes: Estimates for the agricultural, biological, and environmental sciences are for 1983 and 1986. Estimates for alt other fields are for 1982 and 1985. Detail may not add to total b<^caus6 of rounding. Data are adjusted 
for inflation both in terms of instrument prices and in weighting school responses based on their total R&O expenditures. 

SOURCE: NSF, Academic Research Bquipment in Selected Science/Bnglneehng Fields: 19d2'63to 1 985-86, SRSSB-D^ (Washington. DC:NSF, 1988). 
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Appendix table 5-16. Library prices for periodicals in science and 
nonscience fields: 1980, 1988, and 1989 



Average price per Average annual 
subscription percent change 





1980 


1986 


1989 


1980-89 


1986-89 






■ Dollars - 




— Percent 


Change — 


ill science categories 














93 


264 


277 


12.9 


4.9 


Astronomy 


.... 109 


226 


233 


8.8 


3.1 


Physics 


, ... 199 


370 


376 


7.3 


1.6 






594 


591 


11.0 


-0.5 




79 


182 


194 


10.5 


6.6 




.... 123 


291 


308 


10.7 


5.8 




79 


161 


173 


9.1 


7.5 


, . . . 69 


146 


156 


9.6 


8.2 


Physiology 


, . . . 200 


414 


413 


8.4 


-0.2 




.... 126 


340 


357 


12.1 


5.0 


ion-science categories 












Law 


, . . . 38 


106 


113 


12.9 


6.6 




35 


100 


107 


13.2 


7.0 




37 


96 


105 


12.3 


9.4 




... 30 


64 


66 


9.2 


3.1 






68 


73 


10.0 


7.4 



Notes: These data are from a data base of The Faxon Company, containing approximately 40.000 
domestic titles (1989) and 15.000 foreign titles (1989). The prices should be considered ap- 
proximate, since they are dorived from Faxon's clifa .1 mlx» which consists of many types of libraries. 
Data show all science categories and a sample of non-science categories. 

SOURCE: P.R. Young. 1989. "Perioolcal Prices 1987-1989 Update." Serials Librarian, 17: 11-37. 
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Appendix table 5*17. Doctoral scientists Siid engineers In academic R&D, by field: 1977-07 







1 077 






1 070 






I9OI 






i9oo 






4 nOC 

19oo 






4 AO*9 

1987 




rlolO 


1 oiai 


Maie 


henriaie 


Total 


Male 


Fflmale 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 




















Number 


















Total scientists and engineers . . 


93.781 


84.669 


9.11'> 


98.096 


87,294 


10,602 


110.046 


96.004 


14,042 


113,345 


97,797 


15,548 


120.691 


102.731 


1 7,960 


1o4,586 


130.089 


24.497 




83,932 


74,908 


9,024 


87,370 


76,703 


10,667 


99,414 


85,534 




1 UU,COO 


84,964 


15,319 


107,544 


89,916 


17,628 


135.527 


1 11.533 


23.994 




1 7 KQ9 


1 71 fi 

10, f 1 0 


OVA 




1 D.»1/4 


9oi 


10,007 


1 7 >I7>I 
1 ft^f^ 


1.113 


17.483 


lo,o4o 


1 .140 


1 9,268 


18.002 


1,266 


22,407 


20.737 


1.670 






0,0 1 u 


009 


Q 1 9^) 


A AQn 

Oi 40U 




0 Aon 

9,09U 


A 71 7 


A7'^ 
0 r 0 


A A1 
0.0 1 0 


7 7AC 
f . f 00 


007 


9,700 


□ QOC 
0,000 


929 


4 4 o>in 
1 1 ,o40 


4 A 4 CO 

10,15o 


4 4 QQ 

1,1 oZ 


Physicists/astronomers . . . . 


8.623 


8,406 


215 


8,182 


7.944 


238 


8,997 


8,757 


CH\J 


A A70 


8.587 


283 


9 503 

9. www 


9 166 


337 

WW r 


1 1 067 


10 594 


48*^ 

tOw 






R AAQ 


09 1 


A 7A^ 


A QA1 
0,00 1 


•tUO 


A 7on 

0,r 9U 


a 97R 
0,c^ 0 


514 


7,154 


o.oU^ 


ceo 
00^ 


o,o42 


c 04 c 
0.010 


CO"? 

527 


9.172 


0 A 00 

o,4oo 


^OA 

739 




6,092 


5.744 


348 


5,804 


5,464 


340 


5,819 


5,413 


406 


5.962 


5,548 


414 


5.803 


5,366 


437 


7,689 


7.055 


634 




748 


705 


43 


980 


917 


63 


971 


863 


10A 


1 192 


1,054 


138 


1.039 


949 


90 


1.483 


1.378 


105 


f^nmni itAr/infnrmatinn 
















































1 1AQ 

1 .1 09 


AA 
OO 


1 0A1 

1 ,941 


1 7QA 
1 , fO*f 


157 


2,S94 




4 QA 
194 


2,599 


2.044 


255 


0,491 


0 4 VI n 
0,140 


OC4 

351 


Environmental scientists .... 


4.392 


4.212 


180 


4,080 


3.864 


216 


4,852 


4..'i58 


294 


4.676 


4,400 


276 


5,24b 


4.870 


376 


6,348 


5,827 


521 




OfwO f 






9 707 


9 A77 


1 9iT 


0,cf 4 


^5 1 '^A 

0 IwO 


139 


2,946 




i A'J 

14^ 


0,4^.0 


0 04 0 
0,219 


204 


A ocn 

4,250 


0,900 


f^A A 

344 




f ou 




00 


AAO 

oou 


000 


A7 
Of 


049 


7QQ 


110 


OwO 


7CC 

7oo 


□n 
o9 


978 


849 


4 OA 

129 


1,i59 


4 AO A 

i,0o4 


125 


AtmocnhAric QriontictQ 

rlU 1 lUdpi lOI iw dwlOFIlidld • « « • 


fins 




oo 


AQQ 
000 


0U4 


90 

C9 


790 

f C9 


004 


45 


87S 

w r w 


QOn 
ooU 


AC 

40 


04D 


Qno 
oU2 


A 0 

43 


9o9 


667 


Co 

52 




31 ,605 


27,351 


4,254 


34.624 


29,220 


5,4U4 


39,781 


33,039 


6.742 


40.961 


33,398 


7,583 


43.304 


34.380 


8,924 


51.918 


40.875 


11,043 


Biological scientists 


21.853 


18,366 


3.487 


23.405 


19.242 


4,163 


26,196 


21,220 


4,976 


27,753 


22.084 


5,669 


29.054 


22.404 


6.650 


34.138 


26,629 


7,508 




4,550 


4,453 


97 


4,445 


4,334 


111 


5,538 


5,353 


18S 


5 789 


5,537 


252 


6,184 


5.P^S 


316 


7.040 


6,525 


515 


Medical scientists 


5,202 


4,532 


670 


6,774 


5.644 


1.130 


8,047 


6,466 


1 581 


7 439 


5,777 


1,662 


8.066 


6,108 


1,958 


10,740 


7,721 


3,019 


PsvchQlonisfc, 


7 458 




1 AAQ 

1 .HH9 


7 AA*^ 

r ,000 


A 9AA 


1 A'^Q 
1 ,009 


Q 1 7A 


A QAQ 

0,909 


2,215 


•1,072 


A A1A 
0,01 4 


9 OAfl 


Q OAQ 


0. fox 


0 >lfi7 

^,40/^ 


1 0,Ul£ 


n 4 >iQ 
9,149 


3,oo3 


Social scientists 


14,816 


13,005 


1,811 


15.440 


1 3,451 


1.989 


1P.289 


15.444 


2 845 


18 623 

1 W,WbW 


15,307 


3,316 


21,037 


17,224 


3.813 


29.179 


23,372 


5.807 




A AM 


A 91 7 


9R7 

^0 r 


A 

*f , f OO 


A A'^ti 
•t.HOO 


Q^A 
040 


A A1 A 
0.01 0 


A 9^0 
0.c49 


369 


6 256 


A 79yl 
0, f c4 


coo 


fi AOQ 




00 1 


0 oco 
0,362 


7 >i 0 4 


80I 


5^QrintnniQtci/9nthmnntnniete 


RQ1 

1 


9 OAf% 


70 R 
r UO 


4.U00 


Q 101 

0,1 9 1 


QAO 


A 790 
4, r C9 


Q AA7 


1,172 


4,493 


0,149 




c ncc 


• 7QO 


4 oco 


7,199 


c 4 >l c 
5.14?) 


2.054 


OthAr QnrlAl criontlQtQ 




s An9 


009 


A A9A 


A A9A 


700 

r 99 


7 QA9 
f ,94c 


A AQA 
0,000 


1 304 


7 874 


0,404 


1 AAn 


9.004 




1 


4 0 C4 0 


4 7>1C 

l,/^40 


0 Q"70 




9,849 


9,761 


88 


10,726 


10,591 


135 


10,632 


10,470 


162 


13,062 


12,833 


229 


13,147 


12.815 


332 


19,059 


18,556 


503 


Aeronautical/a&tronautical . . . 


447 


437 


10 


627 


621 


6 


541 


538 


3 


734 


726 


8 


525 


511 


14 


775 


762 


13 




790 


784 


6 


682 


663 


19 


932 


914 


18 


1,214 


1,188 


26 


1,139 


1,115 


24 


1,629 


1,577 


52 


Civil 


1,209 


1,204 


5 


1,668 


1,658 


10 


1,440 


1,413 


27 


1,930 


1,908 


24 


2,070 


2,042 


28 


2,941 


2,878 


63 




1,927 


1,923 


4 


1,681 


1,661 


20 


?,050 


2,025 


25 


2,287 


2,255 


32 


2,269 


2,205 


64 


3,275 


3,198 


77 




932 


920 


12 


1,091 


1,065 


26 


1,016 


997 


19 


1,396 


1,350 


46 


1,151 


1,117 


34 


1.582 


1.511 


71 




1,203 


1,195 


8 


1,167 


1,162 


5 


1,186 


1,178 


8 


1,484 


1,471 


13 


1,810 


1,786 


24 


2,797 


2,748 


49 




400 


397 


3 


669 


659 


10 


437 


430 


7 


567 


559 


8 


428 


425 


3 


455 


443 


6 




493 


479 


14 


614 


602 


12 


730 


700 


22 


444 


425 


19 


523 


492 


31 


958 


021 


37 


Other 


2,448 


2,422 


26 


2,527 


2,500 


27 


2,300 


2.267 


33 


3,006 


2,953 


53 


3,232 


3,122 


110 


4,647 


4,512 


135 
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Appendix table 5*17. (Continued) 







1977 






1979 






1981 






1983 






1985 






1987 




Field 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 




















Percent' 


















Total scientists and engineers . . 


100.0 


90.3 


9.7 


100.0 


89.0 


11.0 


100.0 


87,2 


12.8 


100.0 


86.3 


13.7 


100.0 


85,1 


14.9 


100.0 


100.0 


100.0 




89.5 


89.2 


10.8 


89.1 


87,8 


12.2 


90.3 


86,0 


14.0 


88.5 


84.7 


15.3 


89.1 


83.6 


16.4 


87.7 


82.3 


17.7 




18.8 


95.0 


5.0 


17.6 


94.6 


5.4 


16.9 


94.0 


R 0 


I*) 4 


93.5 


6.5 


16.0 


93,4 


6 6 


14 5 




7 5 




9.6 


92.7 


7.3 


9.3 


92.4 


7.6 


8.7 


90.9 


9 1 


7 R 


90.0 


10.0 


8.1 


90,5 


9,5 


7.3 


89,5 


10,5 


Physicists/astronomers 


9.2 


97.5 


2.5 


8,3 


97.1 


2.9 


8.2 


97.3 


2.7 


7.8 


95.8 


3.2 


7.9 


96.S 


3.5 


7.2 


95,6 


4.4 




7.3 


94.3 


5.7 


6.9 


94.1 


5.9 


6.2 


92.4 


7 6 




92.3 


7.7 


5.7 


92.3 


7.7 


5.9 


91.9 


8,1 




6.5 


94.3 


5.7 


5,9 


94,1 


5.9 


5.3 


93.0 


7 0 


5 3 


93.1 


6.9 


4.8 


92.5 


7.5 


5.0 


91.8 


8.2 




0.8 


94.3 


5,7 


1,0 


93,6 


6.4 


0.9 


88.9 


11 1 

11*1 


1 1 

t « 1 


88.4 


11.6 


0.9 


91.3 


8.7 


1.0 


92.9 


7,1 


Computer/lnfomation 








































1.3 


94.7 


5.3 


1.3 


93,2 


6.8 


1.8 


91.9 


8.1 


2.0 


91.5 


8.5 


2,2 


90,2 


9.8 


2.3 


89.9 


10.1 


Environmental scientists .... 


4.7 


95.9 


4.1 


4 2 


94 7 




4 d 




6.1 


4.1 




0.9 


A Q 




7.2 


4.1 


91. o 


0.2 


Earth scientists 


3.3 


96.6 


3 4 


2 9 


95 7 


4 






4.2 


2.6 




A n 


0 Q 
C.O 


94.U 


6.0 


Z.7 


91 .9 


8.1 


Oceanographers 


0.8 


94.8 


5.2 


0.7 


89.7 


10.3 


0.8 


87.0 


13.0 


0.8 


89.6 


10.4 


0.8 


86.8 


13,2 


0.7 


89.2 


10.8 


Atmospheric scientists .... 


0.6 


93.7 


6.3 


0,6 


95.4 


4.6 


0.7 


93.8 


6.2 


0.8 


94.9 


5.1 


0.7 


94.9 


5.1 


0.6 


94.5 


5.5 


Life scientists 


33,7 


86.5 


13.5 


35.3 


84.4 


15.6 


36.1 


83.1 


16.9 


36.2 


81.5 


18.5 


35.9 


79.4 


20.6 


33,6 


78.7 


21.3 




23.3 


84.0 


16.0 


23.9 


82.2 


17.8 


23,8 


81.0 


19.0 


24.5 


79.6 


20.4 


24.1 


77.1 


22.9 


22.1 


78.0 


22.0 


Agricultural scientists 


4.9 


97.9 


2.1 


4.5 


97.5 


2.5 


5.0 


96.7 


3.3 


5.1 


95.6 


4.4 


5.1 


94.9 


5.1 


4.6 


92.7 


7,3 




5.b 


8;.1 


12.9 


6.9 


83.3 


16.7 


7.3 


80.4 


19 6 


6 6 


77.7 


22.3 


6.7 


75.7 


24.3 


6.9 


71.9 


28.1 




8.0 


80.6 


19.4 


8.0 


79.2 


20,8 


8.3 


75.9 


24,1 


8,0 


75.1 


24.9 


7.7 


73.3 


26.7 


8.4 


70.3 


29.7 


Social scientists 


15.8 


87.8 


12 2 


15 7 


87 1 


12 Q 






15.6 


16 4 




1 7 n 

1 / .0 


17 A 

1 (A 


01 .9 


lO. 1 


1o.9 


oO.I 


19.9 


Economists 


4.8 


94.0 


6.0 


4.9 


92.7 


7.3 


5.1 


93 4 


6.6 


5.5 




o.o 


o.o 


Q1 A 


n R 

O.D 


OA 


09.0 


lU.O 


Socioloaists/anthroDoloaists 


3.9 


80.9 


19.1 


4.1 


79 1 




H.O 


7*i P 


24.8 


4.0 


f U.1 


OQ Q 


A 9 


/O.U 




4.7 


71 .5 


28,5 


Other social scientists 


7.1 


87,4 


12.6 


68 


87 9 


12 1 


7 P 




16.4 


6.9 


fli 7 


in Q 


7 Q 


7Q 1 


on o 


Q Q 

o.o 


fO.ii 


21 ,1 




10.5 


99.1 


0.9 


10.9 


98.7 


1.3 


9.7 


98.5 


1.5 


11.5 


98.2 


1.8 


10.9 


97.5 


2.5 


12.3 


97.4 


2,6 


Aeronautical/astrcnautical . . . 


0.5 


97.8 


2.2 


0.6 


99.0 


1.0 


0.5 


99.4 


0.6 


0.6 


98.9 


1.1 


0.4 


97.3 


2.7 


0.5 


98.3 


1.7 


Chemical 


0.8 


99.2 


0.8 


0.7 


97.2 


2.8 


0.8 


98.1 


1.9 


1.1 


97.9 


2.1 


0.9 


97.9 


2.1 


1.1 


96.8 


3.2 


Civil 


1.3 


99.6 


0,4 


1.7 


99.4 


0.6 


1.3 


98.1 


1.9 


1.7 


98.8 


1.2 


1.7 


98.6 


1.4 


1.9 


97.9 


2.1 




2.1 


99.8 


0.2 


1.7 


98.8 


1.2 


1.9 


98.8 


1.2 


2.0 


98.6 


1.4 


1.9 


97.2 


2.3 


2.1 


97.6 


2.4 


Materials 


1.0 


98.7 


1.3 


1.1 


97.6 


2.4 


0.9 


98.1 


1.9 


1.2 


96.7 


3.3 


1.0 


97 0 


3.0 


1.0 


95.5 


4.5 




1.3 


99.3 


0.7 


1.2 


99.6 


0.4 


1.1 


99.3 


0.7 


1.3 


99.1 


0.9 


1.5 


93.7 


1.3 


1.8 


98.2 


1.8 


Nuclear 


0.4 


99.3 


0.8 


0.7 


98.5 


1.5 


0.4 


98.4 


1.6 


0.5 


98.6 


1.4 


0.4 


99.3 


0.7 


0.3 


98.7 


1.3 




0.5 


97.2 


2.8 


0.6 


98.0 


2.0 


0.7 


97.0 


3.0 


0.4 


95.7 


4.3 


0.4 


94.1 


5.9 


0.6 


96.1 


3.9 


Other 


2.6 


98.9 


1.1 


2.6 


9S.9 


1.1 


2.1 


98.6 


1.4 


2.7 


98.2 


1.8 


2.7 


96,6 


3.4 


3.0 


97.1 


2.9 



^Percentages in "Total'* columns are vertical percentages. Percentages In other columns are horizontal percentages. 
Note: Data are for doctoral scientists and engineers whose primary or secondary work activity is academic R&D. 
SOURCE: National Research Council. Survey of Doctorate Recipients data base, special tabulations for NSF. 1989. 
See figures &*4« 5-5. and 5*6. 
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Appendix table 5*18. Doctoral scientists and engineers employed In academic n&D, by field, race, ethnic group, and gender: 1977 and 1987 
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90.3 
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1,235 
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(') 








8,310 


659 


92.7 


7,3 


8,036 


7,501 


535 


74 


62 




616 
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107 


84 


83 


0) 






8,623 


8,408 


215 


97.5 


2.5 
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54 


49 
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74 


73 
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Computer/information specialists . . 


1 ,229 
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65 


94,7 


5.3 


1,054 


995 


59 


0 


0 


0 


140 


134 


D 


0) 


(') 


0 






4,392 


4,212 


180 


95.9 


4.1 


4,079 


3,915 


164 


0 


0 


0 


236 


220 


D 


60 


55 


D 






3,057 


2,953 


104 


96 6 
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2,856 


2,765 


91 




0 


0 


158 


145 


D 


41 


41 


0 






730 


692 


38 


94.6 


5.2 


682 


647 


35 


0 


0 


0 


21 


21 


(^) 


D 


(') 


0 








567 


38 


93.7 


6.3 


541 


503 


38 


0 


0 


0 


54 


54 


0 


D 


(') 


D 
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27,351 


4,254 


86. b 


13.5 


28,420 
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3,739 
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54 
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97 
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Oe 


OD 
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d 01 3 




A7 
•ff 


A^ 




A'^ft 


000 
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00 
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ou 
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60.6 


19.4 
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99 


41 


76 


41 


35 


37 


23 


0) 


■ 




, 14,816 


13,005 


1.811 


67.6 


12.2 


13,675 


11,943 


1,732 


132 


117 


0) 


567 


532 


35 


156 


133 


23 


. 




4,484 


4,217 


267 


94.0 


6.0 


4,064 


3,808 


256 


44 


44 


0 


257 


250 


(') 


44 


40 


D 






3,691 


2,986 


705 


80.9 


19.1 


3,437 


2,769 


668 


33 


D 


D 


95 


63 


(') 


58 


43 








6,641 


5.802 


639 


87.4 


12.6 


6,174 


5,366 


808 


55 


54 




215 
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54 
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■ 
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U 
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790 
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m 
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u 
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u 
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u 


n 
u 
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u 
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U 


•r 
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A 


99.8 


0.2 
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m 


\ } 
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n 
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1 Q9 


\) 


u 


u 


A 
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932 


920 


12 


98.7 


1.3 


740 


730 




0 


0 


0 


138 


136 


D 


0 


0 


0 






1,203 


1,195 


8 


99.3 


0.7 


982 


980 




0 


0 


0 


209 


205 




20 


20 


0 




400 


397 




99.3 


0.8 


389 


387 




0 


0 


0 


(') 


0 




(') 


(') 


(') 








479 


14 


97.2 


2.8 


432 


420 




0 


0 


0 


36 


34 




(') 


(') 


(') 




Other 


2,446 


2,422 


26 


98.9 


1.1 


2,070 


2,049 


21 


0 


0 


0 


210 


205 


D 


(') 


(') 


(') 





(continued) 
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Appendix table 5-18. (Continued) 



Field 




Total employed 






White 






Black 






Asian 






Hispanic 




Total 


Male 


Female 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Female 


Total 


Male 


Femal 






Number - 




— Percent — 




Number * 






" Numbfir 

1 ^ Wl 1 IWWl 






Nliimbsr 






- Niurnhnr 




























1887 






































. 154.586 


130,089 


24,497 




1 9.0 


137,278 


115,519 


21,759 


2,111 


1,492 


619 


13,843 


11.868 


1,975 


2,702 


2,247 


455 


Total scientists 


135,527 


111 533 


23 994 


82.3 


17.7 


121,834 


1 00 493 


21,341 


1,992 


1 3S1 

1 .WW 1 


61 1 


in dR9 


O, wOw 


1 


C.O 1 / 


1 fl73 

1 ,Of w 


AAA 




00 Any 


20,737 


1 670 


92.5 


7.5 


19,848 


< o A on 

18,489 


1,359 


4 

192 


4 *94 

171 


0) 


2,179 


1,897 


282 


384 


336 


48 




11.340 


1o!l53 


1,187 


69.5 


10.5 


10,152 


9,189 


963 


146 


127 


D 


986 


788 


198 


199 


162 


37 




11,087 


10,584 


483 


95.6 


4.4 


9,696 


9,300 


396 


46 


44 




1.193 


1.109 


84 


185 


174 


(') 


Mathematical scientists 


9,172 


8,433 


739 


91.9 


8.1 


8,069 


7,466 




62 


49 

tw 


\ } 


w9w 


fl77 


1 ifl 


1 d7 


1 pfl 

1 bO 


\ ) 


Mathematicians .............. 


7,689 


7,055 


634 


91.8 


8.2 


6,889 


6,354 


535 
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56 


47 


\ 1 


6Qfl 

OwO 


V I W 


09 


AO A 


in7 


\ ) 




1,483 


l!378 


105 


92.9 


7.1 


1.180 


l!l12 


68 


D 


D 


(') 


297 


264 


33 


23 


21 


D 


Computer/information specialists . . . 


3.491 


3,140 


351 


89.9 


10.1 


3,047 


2,729 


318 


V / 


V / 


\ I 


w^O 


316 

w I O 


39 

wC 


3fl 

wO 


pfl 

fcO 


\ ) 


Environmental scientists 


6.348 


5,827 


521 


91.8 


8.2 


5,969 


5,510 


459 


30 


27 


(') 


331 


276 


55 


117 


115 


V) 




4,250 


3,906 


344 


91.9 


8.1 


3,945 


3,647 


296 


24 


21 




263 


224 


39 


70 


68 






. 1,199 


1,034 


125 


89.2 


10.8 


1,110 


1,003 


1 \d 


(') 


y) 


v) 


A n 

42 


nn 

29 


D 


30 


30 


0 




939 


887 


52 


94.5 


5.5 


909 


860 


49 


(') 


D 




26 


23 


(') 


(') 


0) 


0 


Life scientists 


51,918 


40,875 


1 1 ,043 


78.7 


21,3 


46,364 


36,652 


9,712 


736 


521 


215 


4 456 


3 4^2 

Wf^ c 


1 044 


817 

w 1 r 


6dQ 


16fl 
1 oo 


Biological scientists 


34,138 


26,629 


7,509 


78.0 


22.0 


30.595 


24,024 


6,571 


459 


348 


1 11 


2 857 


2 075 


7flP 

f uc 


HwH 


3^P 

WWb 


inp 


Agricultural scientists 


7,040 


6,525 


515 


92.7 


7.3 


6,561 


6.105 


456 


97 


86 


V / 


347 


301 


46 


163 

1 Uw 


147 


\ ) 


Medical scientists 


10,740 


7.721 


3,019 


71.9 


28.1 


9,208 


6,523 


2,665 


180 


87 


93 


1.252 


1.036 


216 


200 


150 


50 


Psychologists 


13,012 


9,149 


3,863 


70.3 


29.7 


12,295 


8,725 


3.570 


230 


92 

Wb 


% WU 


w 1 w 




137 

I w / 


POP 


19Q 


7Q 

f w 


Social scientists 


29,179 


23,372 


5.807 


80.1 


19.9 


26,242 


20.922 


5.320 


736 


516 


220 


1,834 


1,603 


231 


612 


488 


124 




8,362 


7,481 


881 


89.5 


10.5 


7,424 


6,640 


784 


107 


84 


23 


739 


673 


66 


220 


191 


29 




7,199 


5,145 


2,054 


71.5 


28.5 


6,548 


4,660 


1,888 


243 


147 


96 


332 


278 


54 


123 


85 


38 


Other social scientists 


13,618 


10.746 


2,872 


78.9 


21.1 


12.270 


9.622 


2,648 


366 


265 


101 


763 


652 


111 


269 


212 


57 




1 9,059 


18.556 


503 


97.4 


2,6 


15,444 


15.026 


418 


119 


111 


V / 


."i 381 


3 305 


76 

t w 


385 


37d 

w f H 


\ 1 


Aeronauticat/astronautical 


775 


762 


/I \ 

V) 


98.3 


(') 


610 


599 


V 1 


0 


0 


0 


165 

■ v^w 


163 


\ 1 


\ 1 


I ; 


n 


Chemical 


1,629 


1 577 




96.8 


3.2 


1,045 


1,005 


40 


0 


0 


0 


576 

W 1 w 


564 


0\ 
\ 1 


64 


63 

Uw 


\ 1 


Civil 


2,941 


2,878 


63 


97,9 


2.1 


2,586 


2,534 


52 


(') 


D 


(') 


338 


329 


(^) 


58 


58 


0 




3,275 


3,198 


77 


97.6 


2.4 


2,492 


2,432 


60 


34 


31 


(') 


725 


711 


(') 


78 


78 


0 




1,582 


1,511 


71 


95.5 


4,5 


1,437 


1,379 


58 


0 


0 


0 


124 


1 .2 


(') 


60 


55 


(') 




2,797 


2.748 


49 


98.2 


1.8 


2,138 


2,098 


40 


D 


0 


D 


610 


602 


(') 


(') 
(') 


(') 


0 




455 


449 


(') 


98.7 


(') 


436 


430 


D 


D 


(') 


0 


(') 


(') 
(') 


0 


(') 


0 




958 


921 


37 


96.1 


3,9 


938 


906 


32 


0 


0 


0 


20 


D 


0 


0 


0 


Other 


4,647 


4,512 


135 


97.1 


2.9 


3,762 


3.643 


119 


77 


75 


V) 


808 


794 


D 


93 


91 


(') 



^Fewer thai > 20 individuals. 

Notes: Data are for doctoral scientists and engineers with primary or secondary work activity In academic R&D. HIspanlcs are found In all racial groups, and, therefore, are not separately added into totals. 

SOURCE: National Research Council. Survey of Doctorate Recipients data base, special tabulations for NSF. 1989. # ^ . 

See figure 5-7. %J\)0 
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Appendix table 5-19. Doctoral scientists and engineers employed In basic research, by field end sector: 1977 and 1987 
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4-year 


[Hospitals 








Field 


Total 


Business/ 


colleges 


and 




Federal 


Other/ 


Total 


Business/ 


colleaes 


and 




Fedora! 


Other/ 


employed 


industry 


and univ. 


clinics 


Nonprofit 


Gov't 


no report 


employed 


industry 


and univ. 


clinics 


Nonprofit 


Gov't 


no report 








— Number — 










































Percent — 


— — . 




































Total scientists and engineers 
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3.6 
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1,025 
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0.6 


• 
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13,562 
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405 
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3.0 
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1.1 
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13.7 
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Mathematicians 
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7 
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n ft 


R 7 
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U.U 


Computer/information specialists . 


761 
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25 


21 


24 


0.9 


20.1 


70.7 


D 


■ 3.3 


2.8 


3.2 




4,985 


399 


3,245 
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1,025 
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5.6 


8.0 
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D 


3.6 


20.6 
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3,417 
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3.9 
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0.2 
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1.4 
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49 


80 


3.4 
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1.3 
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Engineers 
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Chemical 


676 


206 


402 


(') 


33 

WW 


33 

WW 


2 


n A 


Ow.w 


as.w 


/u 


A Q 


A Q 


U.o 


Civil 


268 


18 


226 


(') 


\ / 


24 


n 

V 


n % 

U.w 


fi 7 
D. f 




/u 
\ / 




Q n 


U.U 


Electrical/electronics 


705 


178 


464 


V) 


25 


38 

wu 


n 




P^ 9 


OO.O 


/i\ 
17 




0.4 


U.U 




1.040 


409 


542 


V) 


V) 


89 


0 


1.2 


39.3 


52.1 


(') 


(') 


8.6 


0.0 


MechanlcAl 


537 


1 1P 


369 


(') 




07 


n 
U 


U.Q 


on Q 


DO.f 


( ) 


5.4 


5.0 


0,0 




184 


57 


117 


(') 


10 


(') 


0 


0.2 


31.0 


63.6 


(') 


5.4 


(') 


0.0 




188 


2 


169 


0 


(') 


17 


c 


0.2 


1.1 


89.9 


(') 


(') 


9.0 


0.0 


other 


1,194 


250 


769 


(') 


45 


130 


0 


1.4 


20.9 


64.4 


(') 


3.8 


10.9 


0.0 
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Appendix table 5-19. (Continued) 



T . . n . , ^T^^ 4.year Hospitals 
c,^,. Business/ colleges and Federal Other/ Total Business/ colleges and Federal Other/ 
employed Industry anduniv. clinics Nonprofit Gov't no report emplaved industry anduniv. clinics Nonpro fit Gov't no report 

Number Percent- 

1987 

Total scientists and engineers 133.345 11.518 104.776 1.026 4.727 8,904 2,394 100.0 8.6 78.6 0.8 3.5 6.7 1.8 

Total scientists 123.952 9.715 98.214 1,026 4.454 8,173 2.370 93.0 7.8 79.2 0.8 3.6 6.6 1.9 

Physical scientists 26.786 4.971 18.699 38 985 1.932 161 20.1 18.6 69.8 0.1 3 7 7 2 0 6 

S^^i^ff/- 14.195 3,215 9.687 38 307 819 129 10.6 22.6 68.2 0 3 2 2 5 8 ol 

Physicists/astronomers 12.591 1.756 9,012 (i) 678 1.113 32 9.4 13.9 71.6 H 5A 8.8 ol 

Mathematical scientists 8,436 90 7.968 (') 2 i89 187 6.3 1.1 94.5 (') OO 22 22 

Mathematicians 7,358 83 6,935 (') 2 151 187 5.5 1.1 94.3 O 0 0 2 1 2 5 

1.078 7 1.033 (1) (1) 38 0 0.8 0.6 95:8 O (i) 3.5 0 0 

Computer/information specialists .. 2,774 705 1,896 n 116 42 15 2.1 25.4 68.3 (i) 4.2 1.5 0.5 

Environmental scientists 7.294 485 4,888 O 361 1.381 179 5.5 6.6 67.0 n 4 9 18 9 2 5 

Earth scientists 4.919 396 3.283 (i) 111 966 163 3.-. 8.1 66.7 P 23 96 33 

Oceanographers 1.341 32 959 (') 112 238 0 I.O 2.4 71.5 n 84 77 00 

Atmospheric scientists 1.034 57 646 V) 138 1 77 16 0.8 5.5 62.5 (i) ^ 3 3 Yj/i {5 

Life scientists ... 49.169 3,117 37.980 835 2,232 4,249 756 36.9 6.3 77.2 1.7 4 6 8 6 1 5 

Biological scientists 38,216 2,276 30,004 510 1.910 2.917 599 28.7 6.0 78 5 1 3 60 7 6 1 6 

Agricultural scieritists 3,298 248 1,975 n 30 976 69 2.5 7.5 59.9 n 0 9 29 6 ^ ^ 

Medical scientists 7.655 593 6.001 325 292 356 88 5.7 7.7 78.4 4.2 3 Q 47 i.I 

Psychologists 9.147 171 8,143 122 157 260 294 6.9 1.9 89.0 1.3 1.7 2*8 3*2 

Social scientists 20.346 176 18.640 31 601 120 778 15.3 0.9 91 6 0 2 3 0 0 6 3 8 

Economists 4,253 33 3.910 (1) 81 62 167 3.2 0.8 9 9 (.) 19 fg 39 

Sociologist&'anthropologists . . . . 5,830 18 5.481 31 122 5 173 4.4 0 3 94 0 0 5 2 1 o? ?n 

Other social scientifJts 10,263 125 9,249 n 398 53 438 7.7 l!2 Soil H 3.9 0.5 4.3 

Engineers 9.393 1.803 6.562 (1) 273 731 24 7,0 19.2 69.9 (') 29 78 03 

Aeronautical/astronautical 694 75 470 (') 2 147 0 0.5 10.8 67.7 P 0 3 21 2 0 0 

^fe-^'ca" 1.119 271 816 (') 29 3 0 0.8 24.2 72.9 1 2 6 0 3 0 0 

C'vil 741 12 680 (1) (1) 46 3 0 6 1 6 91 8 n n R9 nl 

Electricayelectronics 1.66O 183 1,428 ('i 8 41 0 v'o 8 .0 r 05 25 00 

1.724 627 717 (') ,15 265 0 1.3 36.4 41.6 1 67 154 00 

856 177 652 (1) 7 12 8 0.6 20.7 76.2 1 08 1 4 09 

172 33 132 n 0 (1) 7 0.1 19.2 76.7 1 V) V) 41 

2-147 407 1.407 (') 110 217 6 1.6 19.0 65.5 (1) 5.1 10 1 0.3 

^These categories have fewer than 20 Individuals. , ^ , 

Note: Researchers were counted if they said on the Survey of Doctorate Recipients that their primary or secondary work a n rf..y Vifas basic research. 

SOURCE : National Research Council. Survey of Doctorate Recipients data base, special tabulations for NSF, 1 989. 
See figure 5-8. 
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Appendix table 5*20. Doctoral scientists and engineers employed In basic research, by sector, race, ethnic group, and gender: 1977 and 1987 



Total American Total American 



Employment sector 


employed 


White 


Black 


Indian 


Asian 


Other 


Hispanic 


employed 


White 


Black 


Indian 


Asian 


Other 


Hispanic 










Number — 














Percent^ — 


































1Q77 






























All sectors 


88.320 


78,988 


732 


63 


6,041 


2,496 


922 


100.0 


89.4 


0.8 


0.1 


6.8 


2.8 


1.0 






70,798 


598 


57 


5,305 


2,396 


854 


89.6 


89.6 


81.7 


90.5 


87.8 


96.0 


92.6 












f oo 


QO 

WW 




10 4 


10 4 


18 3 




12 2 


3 6 


74 




9,014 


7.829 


61 


(') 


927 


193 


59 


100.0 


86.9 


0.7 


V) 


10.3 


2.1 


0.7 




8.549 


7,427 


55 


(') 


875 


168 


59 


94 8 


94.9 


90.2 


V) 


94.4 


97.4 


100.0 




d6S 




\ } 


0 

w 


<)P 


V } 




R P 




\ } 


\ } 


R 6 


\ } 




4-year colleges and universities 


66,376 


59.603 


559 


56 


4,212 


1.946 


713 


100.0 


89.8 


0.8 


0.1 


6.3 


2.9 


1.1 






53,045 


458 


50 


3,665 


1,868 


653 


89.0 


89.0 


81.9 


89.3 


87.0 


96.0 


91.6 




7 PQn 






\ } 


f 


f H 




1 1 n 


11 n 


Ifl 1 


\ } 


1 n 


ft 




Hospitals/Clinics 


1,281 


1,079 


0 


0 


170 


32 


(') 


100.0 


84.2 


0.0 


0.0 


13.3 


2.5 


(') 






916 


0 


0 


147 


32 


(') 


85.5 


84.9 


0.0 


0.0 


86.5 


100.0 


(') 






1 M 
1 QO 


u 


n 


CO 


0 


\ ) 




iR 1 


n n 

w«w 


n n 


1 0.9 


n n 




Nonprofit institutions 


3,194 


2,826 


(') 




269 


88 


50 


100.0 


88.5 


(') 


(') 


8.4 


2.8 


1.6 






2,350 


(') 


V) 


233 


82 


48 


83.8 


83.2 


(') 


(') 


86.6 


93.2 


96.0 






476 




0 


36 


0\ 




16 2 


16 8 


V / 




13 4 


V / 




Federal Government 


6.850 


6.258 


85 


0 


355 


146 


83 


100.0 


91.4 


1.2 


0.0 


5.2 


2.1 


1.2 


Male 


6,350 


5,853 


61 


0 


295 


141 


79 


92.7 


93.5 


71 .8 


0.0 


83.1 


96.6 


95.2 


Ppmalp 








n 

w 




\ ) 




7 


6 R 


Pfl P 


n n 


16 Q 




\ } 


State and local governments 


601 


530 


0 


(') 


44 


24 


0 


100.0 


88.2 


0.0 


{') 


7.3 


4.0 


0.0 


Mate 


518 


452 


0 


(') 


39 


24 


0 


86.2 


85.3 


0.0 


(') 


88.6 


100.0 


0.0 


Female 


v,3 


78 


0 


0 


0 


0 


13.8 


14.7 


0.0 


(') 


0.0 


0.0 


0.0 




Other 


60 


43 


(') 


0 


0 


0 


0 


100,0 


71.7 


V) 


0.0 


0.0 


0.0 


0.0 


Male 


50 


35 


(') 


0 


0 


0 


0 


83.3 


81.4 


n 


0.0 


0.0 


0.0 


0.0 




(') 


(') 


(') 


0 


0 


0 


0 


(') 


(') 


(') 


0.0 


0.0 


0.0 


0.0 
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Appendix table 5-20. (Continued) 



Employment sector 



Total 



American 



Total 



AmeriCi^n 



1987 



Female 



Industry . 
Mate . . 
Female 



4-year colleges and universities 1 04,776 

Male 

Female 



Hospitals/clinics 

Mate 

Female 



Nonprofit institutions 

Male 

Female 



Federal Government 

Male 

Female 



State and local governments 

Male 

Female 



Other ... 
Male . . 
Female 



employed 


White 


Black 


Indian 


Asian 


Other 


Hispanic 


employed 


White 


Black 


Indian 


Asian 


Other 


Hispanic 








Number - 








































Percent^ — 








133,345 


1 1 7,688 


1,693 


181 


12,830 


953 


2,324 


100.0 


88.3 


1.3 


0.1 


9.6 


0.7 


1.7 


1 1 1 ,853 


98,677 


1,277 


158 


10,870 


853 


1,959 


83.9 


83.8 


75.4 


87.3 


84.7 


89.5 


84.3 


21,492 


19 01 1 


416 


93 


1 QRn 


1 o 


ooo 


1ft 1 

1 0. 1 




OA r» 


10 7 
1c. f 


ICO 


I J 


i5.7 


11,518 


9,625 


112 


22 


1,616 


143 


188 


100.0 


83.6 


1.0 


0.2 


14.0 


1.2 


1.6 


10,082 


8,393 


100 


20 


1,430 


139 


167 


87.5 


87.2 


89.3 


90.9 


88.5 


97.2 


88.8 


1 436 


1 232 


0) 






\ ) 


91 


IOC 




\] 


( ) 


lie 


(') 


1 1.2 


104,776 


92,580 


1,304 


137 


9,973 


782 


1,740 


100.0 


88.4 


1.2 


0.1 


9.5 


0.7 


1.7 


87,43 1 


77,191 


957 


116 


8,452 


699 


1,439 


83.4 


83.4 


73.4 


84.7 


84.7 


89.4 


8J.7 


17 345 




347 


^1 






OU 1 


1 A A 

1 o.o 


IRA 
1 0.0 


OA A 


ICQ 


ICQ 


7 Q 
f .O 


17.3 


1,026 


917 


C) 


0 
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(') 




100.0 


89.4 


(') 


0.0 


9.8 


(') 


(') 


849 
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0 


0 


76 


(') 


(') 


82.7 


83.8 


(') 


0.0 


75.2 


(') 


(') 


177 
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\ / 


n 
v 


2S 


n 
u 


\ } 


1 r .0 


1 A 9 


/U 
\7 


u.u 


OA A 


( ) 


( ) 


4,727 


A 4 RA 

4,194 


02 


/I V 


463 


V) 


55 


100.0 


88.7 


1.1 


(') 


9.8 


(') 


1.2 


<a eon 


o one 

3,295 


*i 4 

31 


V) 


348 


V) 


47 


78.1 


78.6 


59.6 


(') 


75.2 


(') 


85.5 


1,037 


899 


21 




115 




0\ 




91 d 


4.n d 




OA ft 


(J 


\ 1 


0,904 


O 4 0£ 

8,126 


4 QO 

18o 


v) 


575 


(') 


291 


100.0 


91.3 


2.1 


(') 


6.5 


(') 


3.3 


7,81 7 


"7 4^4 

7,161 


159 


(') 


487 


{') 


265 


87.8 


88.1 


84.6 


(') 


84.7 


(') 


91.1 


1.087 


965 


29 


0 


88 


{') 


26 


12.2 


11.9 


15.4 


0) 


15.3 


(') 


8.9 


743 


711 


(') 


0 


28 


(') 


0) 


100.0 


95.7 


(') 


0.0 


3.8 


(') 


(') 


626 


611 


0 


0 


(') 


0 




84.3 


85.9 


(') 


0.0 


(') 


(') 


(') 


117 


100 


(') 


0 


(') 




0 


15.7 


14.1 


(') 


0.0 


(') 


(') 


(') 


139 


137 


0 


0 


(') 


0 




100.0 


98.6 


0.0 


0.0 


(') 


0.0 


(') 


126 


124 


0 


0 


(') 


0 


0 


90.6 


90.5 


0.0 


0.0 


(') 


0.0 


(') 


(') 


(') 


0 


0 


0 


0 


0 


0.0 


(') 


0.0 


0.0 


(') 


0.0 


(') 



^ These categories contain fewer than 20 individuals. 

^The first row for each sector contains horizontal percentages. The next two rows are vertical percentages, showing the percentages of males and of females within each employment sector by raclal/ethnnic group. 

Notes: Researchers are counted if they said on their Survey of Doctorate Recipients form that their primary or secondary work activity was basic research. Hispanics are present In various racial groups; therefore, they are 
not separately added into the total. 

SOURCE: National Research Council. Survey of Doctorate Recipients data base, special tabulations for NSF. 1989. 
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Appendix table 5-21. Proportion of doctoral researchers who remained employed In a sector, (or selected time intervals 

between 1973 and 1987 



1973-75 
1975-77 
1977-79 
1979-81 
1981-83 
1983-85 
1985-87 

Average 

1973-77 
1983-87 
1973-83 
1977-87 
1973-87 



Elapsed 
time 



years 



Total' 



4-year colleges and 
universities 



Business/industry 



Nonprofit 



Federal 
Government 



Male 



Female Male 



Female 



Male 



Female 



Male 



Female 



Male 



' Percent retained in same sector - 



Female 



2 


91 


86 


94 


90 


95 


83 


65 


59 


80 


77 


2 


92 


88 


94 


90 


96 


93 


69 


66 


88 


74 


2 


91 


66 


92 


88 


95 


91 


73 


65 


88 


74 


2 


92 


88 


93 


91 


95 


84 


74 


72 


91 


79 


2 


92 


85 


93 


88 


94 


88 


62 


61 


92 


78 


2 


92 


88 


93 


90 


93 


86 


68 


70 


87 


84 


2 


92 


87 


94 


89 


91 


88 


76 


64 


88 


80 


2 


92 


87 


93 


90 


94 


87 


70 


65 


88 


78 


4 


87 


82 


90 


87 


91 


78 


54 


45 


74 


67 


4 


87 


82 


90 


85 


85 


78 


62 


55 


77 


72 


10 


81 


71 


85 


76 


86 


59 


40 


48 


67 


58 


10 


77 


72 


80 




79 


73 


32 


33 


70 


66 


14 


74 


66 


79 




77 


47 


31 


33 


56 


60 



^Total includes othei sectors, such as hospitais/clinlcs and the military. 

Notes: Data are for doctoral scientists and engineers whose primary or secondary wrk activity was nonacademic basic research or academic R&D dun'ng the initial year of 
an interval, and who also responded at the end of the interval. There were 15.000 matched respondents for 1 97375; 6.000 of them also responded in both 1973 and 1987. 
Partly because of changing sampling strategies, response rates over different time intervals are not readily compared. Percentages for women are unstable in some categories 
that have had low numbers of women, such as business/industry during the 1970s. 

SOURCE: Nations' Resaarcl ^^ouncil, Survey of Doctorate Recipients data base, i^pecial tabulations for NSF, 1988. 
See figure: 9. 
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Appendix table 5-22. Proportion of doctoral scientists end engineers who remained employed In research for selected time intervals between 1973 and 1987 



Elapsed 
time 

years 

1973-75 2 

1975-77 ... 2 

1977-79 2 

1979-81 2 

1981-83 2 

1983-85 2 

1985-87 2 

1973-77 4 

1983-87 4 

1973-83 10 

1977-87 10 

1973-87 14 



Computer/ 

Scientists and Physical Matliematical informatten Environmental Social 

engineers Scientists scientists scientists specialists scientists Life scientists scientists Engineers 



Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Female 


Male 


Fema 


















— Percent — - 


















80 


79 


80 


79 


80 


75 


82 


80 


77 


71 


80 


80 


84 


84 


75 


75 


76 


86 


71 


69 


72 


69 


73 


66 


72 


57 


68 


79 


75 


79 


77 


77 


59 


54 


67 


67 


74 


72 


75 


72 


74 


73 


78 


66 


57 


75 


73 


78 


80 


80 


61 


53 


65 


63 


78 


77 


79 


77 


80 


79 


75 


72 


74 


74 


78 


87 


85 


83 


65 


65 


71 


71 


74 


73 


74 


73 


72 


72 


74 


66 


64 


57 


76 


69 


82 


81 


60 


60 


75 


74 


75 


74 


75 


74 


76 


72 


74 


65 


64 


64 


78 


78 


80 


62 


64 


63 


71 


70 


83 


81 


83 


81 


79 


78 


86 


77 


74 


78 


85 


81 


86 


86 


80 


74 


83 


82 


65 


61 


66 


60 


66 


55 


66 


57 


67 


59 


68 


69 


72 


69 


52 


44 


60 


81 


78 


75 


77 


75 


74 


68 


79 


63 


69 


69 


78 


77 


80 


79 


75 


74 


78 


75 


58 


51 


58 


51 


56 


52 


54 


50 


57 


59 


59 


59 


64 


57 


48 


46 


52 


60 


66 


63 


66 


63 


61 


62 


71 


57 


63 


59 


69 


72 


70 


66 


59 


56 


62 


58 


60 


55 


61 


55 


57 


50 


64 


55 


58 


62 


61 


66 


62 


58 


58 


55 


58 


61 



Note: Data are for doctoral scientists and engineers whose primary or secondary work activity was nonacademic basic research oi academic R&D during the initial year of an Interval, and who also responded at the end of 
the I nterval. There were 1 5,000 matched respondents for 1 973-75; 6.000 of ihem also responded in both 1 973 and 1 987. Partly because of changing sampling strategies, response rates over different time Intervals are not 
readily compared. 

SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1 988. 
See text table 5*4. 
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Appendix table 5*23. U.S. and world scientific and technical articles, by field: 1973-86 



Field' 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 



U.S. articles as a percent of all articles 

All fields 38 38 37 37 37 37 37 37 36 36 35 M 35 36 

Clinical medicine 43 43 43 43 43 43 43 43 41 41 40 41 40 40 

Biomeuiclne 39 38 39 39 39 39 40 40 40 40 39 39 38 38 

Biology 46 46 45 44 42 42 43 42 38 38 38 37 37 36 

Chemistry 23 22 22 22 22 21 21 21 20 21 20 21 21 22 

Physics 33 33 32 31 30 31 30 30 29 28 28 27 29 30 

Earth/space sciences 47 47 44 46 45 45 45 42 43 42 42 41 43 43 

Engineering/technology ... 42 42 41 41 40 39 41 39 41 41 41 40 39 37 

Mathematics 48 46 44 43 41 40 40 40 38 39 38 37 38 40 



Number of U.S. articles 

AllfieldS 103,777 100,066 97,278 99.970 97,854 99,207 99,377 98,394 132,278 133,623 132,415 131.111 137,771 137,770 

Clinical medicine 32,638 31,691 31,334 32.920 33,516 34,966 33,975 34,612 48,072 48,530 48,055 48,735 50,595 50,637 

BiomediCine 16,115 15.607 15,901 16,271 16.197 16,611 17.649 17,582 21,847 22,732 22,496 22,196 24,461 24.765 

Biology 11.150 10,700 10,400 10,573 9,904 9,663 10,553 9,594 14,740 14,974 14,216 14,166 13,083 13,000 

Chemistry 10,474 9,867 9,222 9,337 8,852 9,266 9,182 9,250 10,880 11,758 11,010 11,137 11,585 12,313 

Physics 11.721 11,945 11,363 11,502 10,995 11,015 10,995 11,415 13,053 13,255 13,021 12,691 15,903 16,360 

Earth/space sciences .... 5,591 5,371 4,975 5,537 5,197 5,043 5,167 4,832 7,257 7,057 6,862 6,748 7,663 7,811 

Engineering/technology... 11,955 11,088 10,431 10,346 10,081 9,694 9,018 8,461 12,486 11,619 13,105 11,976 10,822 9,775 

f\AathematiCS 4,134 3,797 3,652 3,484 3,112 2,949 2,838 2,648 3,943 3,697 3,648 3,462 3,659 3,109 



Number of all articles 

AllfieldS 271,513 265,130 260,908 267,354 263,700 270,128 267,953 269,556 368934 371759 373,550 369,930 389,845 387,027 

Clinical medicine 76,209 74,509 73,485 76,599 77,597 81,207 78,827 80,533 116371 118186 119,325 119,094 125,532 126,463 

BiomediCine 41,155 40,632 41,244 41,891 41,388 42,968 43,631 44,267 55303 57203 57,289 56,223 64,717 64,550 

Biology 24,047 23,414 23,260 23,905 23,757 23,176 24,734 22,838 39232 39025 37,788 38,093 34,896 34,127 

Chemistry 45,004 44,529 42,502 42,773 40,734 43,850 43,273 44,448 54432 55381 54,186 54,117 55,268 55,558 

Physics 35,864 35,708 35.104 36,902 36,05? 35,815 36,700 37,944 45561 47229 46.902 46,450 54,044 54,056 

Earth/space sciences .... 11.977 11,479 11.356 1 2,011 11,531 11,224 11,596 11,395 1 6991 16660 1 6,508 1 6,334 1 7,834 1 8,351 

Engineering/technology.. 28.617 23,600 25,664 25,146 25,063 24,588 22,182 21,459 30710 28602 32,073 30,310 28,004 26,201 

Mathematics 8,639 8,259 8,293 8,127 7,673 7,298 7,011 6,673 10334 9474 9,478 9,309 9,551 7,722 



'See appendix table 5-24 for the subflelds Included in these fields. 

Notes: When an article is writtsn by researchers from more than one country, that article is prorated across the number of author Institutions In each country. Thus, if a given article has authors from two institutions In France 
and from one institution in the United States, It is counted as two-thirds of a French article and one-third of a U.S. article. Detail may not add to total because of rounding. 

Data for 1 973-80 are based on the articles, notes, and reviews in over 2, 1 00 of the influential journals carried on the 1 973 Science Citation Index Corporate Tapes of the Institute for Scientific Information; 1 981 -S6 data are 
based on over 3.200 journals on the 1981 Science Citation Index Corporate Tapes. 

SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, 1 988. 

See text table 0-1 in Oven/iew. Science & Engineering lndlcators-1989 
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Appendix table 5-24. U.S. and world scientific and technical publications, by 

field and subfleld: 1986 



U.S. World 
Publications Publications 

Field and subfleld Number Number 

Total 137,770 387.027" 

Clinical medicine 50,637 126,463 

General and internal medicine 5,406 16,136 

Allergy 325 820 

Anesthesiology 446 1,425 

Cancer 2,916 6,691 

Cardiovascular system 2,122 4,949 

Dentistry 1,154 2,613 

Dermatology and venereal diseases 948 2,938 

Endocrinology 1,788 4,791 

Fertility 571 1,321 

Gastroenterology 710 2,322 

Geriatrics 373 609 

Hematology 1,023 2,858 

Immunology 3,997 9,303 

Obstetrics and gynecology 1,057 2,459 

Neurology and neurosurgery 5,465 12,747 

Ophthalmology 1,249 2,653 

Orthopedics 519 1,196 

Arthritis and rheumatism 301 915 

Otorhinolaryngology 858 1,504 

Pathology 1,068 2,982 

Pediatrics 1,182 2,858 

Pharmacology 4,704 14,022 

Pharmacy 536 2,753 

Psychiatry 1,381 2,562 

Radiology a"d nuclear medicine 2,634 5,221 

Respiratory system 819 1,866 

Surgery 2,379 4,641 

Tropical medicine 141 772 

Urology 801 1.636 

Nephrology 265 724 

Veterinary medicine 1.857 5.183 

Addictive diseases 276 476 

Hygiene and public health 1 ,071 2,060 

Miscellaneous clinical medicine 295 458 

Biomedi^l research 24,765 64,550 

Physiology 2,299 4,801 

Anatomy and morphology 253 623 

Embryology 198 669 

Genetics and heredity 1,627 4,537 

Nutrition and dietetics 797 1,507 

Biochemistry and molecular biology 8.872 22,443 

Biophysics 435 1,151 

Ceil biology, cytology, and histology 1,675 4,681 

Microbiology 1,603 4,949 

Virology 814 2,083 

Parasitology 446 1,393 

Biomedical engineering 491 1 ,729 

Microscopy 158 428 

Miscellaneous biomedlcine 486 1,134 

General biomedical research 4,611 12,223 



U.S. as a 
percentage) 
of the world 

Percent 

35^6 

40.0 
33.5 
39.6 
31.3 
43.6 
42.9 
44.2 
32.3 
37.3 
43.2 
30.6 
61.3 
35.8 
43.0 
43.0 
42.9 
47.1 
43.4 
32.9 
57.0 
35.6 
41.3 
33.5 
19.5 
53.9 
50.4 
43.9 
51.3 
16.3 
49.0 
36.6 
35.8 
58.0 
52.0 
64.5 

38.4 
47.9 
30.7 
29.6 
35.9 
52.9 
39.5 
37.8 
35.8 
32.4 
39.1 
32.0 
28.4 
37.0 
42.8 
37.7 
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Appendix table 5*24. (Continued) 



U.G. as a 





UiSi 


World 


psrcentags 




publications 


publications 


of lie world 


Field and subfield 


Number 


Number 


Percent 


WIWlW|^J •••••• ••••Ill* ••• 


13.000 


34,127 


38 1 

WUi 1 


GfinfifAl hinloav ...... . . . . 


142 


504 


* 28.3 




514 


2,141 


24.0 


Pntfimolnflv 

u>i uwi 1 iwtv^y 1 1 1 1 < t 1 t t 1 1 • 1 1 1 1 1 1 1 


1 521 


2 738 


SS6 




590 


1,302 


4S.3 




1,160 


3,780 


30.7 






10,197 


33.3 




1,288 


2,620 


49.2 




3,052 


7,875 


38.8 




1,131 


2,450 


46.2 




203 


520 


39.0 




12 313 


55 558 


222 




1,862 


6,815 


27.3 




1.933 


9,137 


21.2 




889 


4,637 


19.2 




303 


1,504 


20.2 




3,075 


15,472 


19.9 




1,292 


4,785 


27.0 




2,957 


13,208 


22.4 


Phiiclrc 


16 360 


B4 OSS 


303 




2 340 


6 252 


37.4 




1 793 


7 017 


25.5 




645 


1,192 


54.1 




4.077 


12,573 


32.4 




483 


1,243 


38.9 




1,017 


2,515 


40.4 




3,935 


17,033 


23.1 




1,962 


5,944 


33.0 




109 


287 


33.1 


Earth/SQaca 


7811 


18,351 


42.6 




1,746 


4,329 


40.3 


Meteorology and atmospheric science . . . 


662 


1,250 


53.0 






2,849 


39.4 




1,594 


3,361 


47.4 




2,164 


5,400 


40.1 




0 


0 


0.C 




523 


1,162 


45.0 
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Appendix table 5'24. (Continued) 









u.o. as a 




1 1 Q 


woriu 


percentage 




puullwaKOnS 


puDiicauons 


Or trlQ world 


Field and subfietd 


Number 


Number 


Percent 


cngineoring/iecnnOiogy 


9,775 


26,201 


37.3 


unemicai ©ngineanng 


1 ,294 


3,290 


39.3 


Mecnanicai enginsering 


1,307 


3,570 


36.d 


oivM ungineering « « , . « 


385 


712 


54.1 


tiectncai engineenng/eiectronlc*! 


2,010 


5,455 


36.8 


Misc6iian60USongineerjng/t6cnnology . . , 


162 


611 


26.5 


innusinai Gnginaaring . . . , * i , * . 


41 


S4 


75.9 


vaenarai anginsoring 


158 


317 


49.8 


n/ieiais/meiaiiurgy , , 


962 


4,417 


21.8 


iviaieria'd 5Ci6nc9 . i « , , i . , , 


1,211 


3,370 


35.9 


NuclBar tdchnoloav 


• « Or £ 




44.3 


Aerospace technology 


540 


913 


59.1 




646 


1.170 


55.2 


Library and Information science 


20 


31 


63.4 


Operations research and management 








169 


348 


48.7 


Mathematics 


3,109 


7,722 


40.3 


Probability and statistics 


539 


1,089 


49.5 


Applied mat!iemat!cs 


679 


1.551 


43.8 


General mathematlcij 


1,689 


4,549 


37.1 


Miscellaneous mathematics 


202 


533 


37.8 



Notes: When an article is written by researchers from more than one country, that article is prorated across the 
numJjei of author institutions In each country. Thus, if a given article has authors from two institutions (n France 
ar^ from one Institution In the United States, It is counted as two-thirds of a French article and one-third of a 
U.S. aKicle. Data are based on the articles, notes, and reviews in over 3.200 of the Influential Journals carried 
on the 1981 Science Citation Index Corporate Tapes. 

SOURCE: Computer Horizons, Inc.. Science and Engineering Indicators Literature Data Base, 1988. 
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Appendix table 5>25. Coniribution of selected countries to world literature, by field: 1981 and 1986 



United United West 
Field and year World States Kingdom Germany France USSR Japan Canada 

Number' Percent 

198t ^ 





368,934 


35.9 


8.3 


6.3 


5.0 


8.0 


6.9 


3.9 


Clinical medicine 


116,371 


41.3 


9.8 


6.4 


5.2 


3.3 


5.1 


3.4 


Biomedical research 


S5,30b 


39.5 


8.5 


6.1 


5.2 


5.7 


6.2 


4.1 


Biology 


39,232 


37.6 


9.0 


4.7 


0.5 


2.8 


6.1 


6.3 




54,432 


cO.O 


6.6 


6.6 


5.9 


16.7 


10.9 


3.1 


Physics 


45,561 


28.7 


«..4 


6.7 


5.9 


16.8 


8.2 


2.9 


Earth/space sciences 


16.991 


42.7 


8.5 


4.4 


4.6 


10.0 


23 


5.2 


Engineering/technolosy . . 


30,710 


40.7 


8.5 


7.0 


3.3 


7.6 


9.2 


4.2 




10,334 


38.2 


6.1 


9.0 


5.6 


7.6 


4.3 


5.1 


1986 


















Total 


387,027 


35.6 


8.2 


S.8 


4.9 


7.6 


7.7 


4.3 




126,463 


40.0 


10.4 


5.6 


4.6 


2.9 


6.4 


4.0 


Biomedical research — 


64,550 


38.4 


8.0 


5.2 


5.0 


8.3 


7.1 


4.0 




34,127 


38.1 


9.5 


4.3 


3.1 


2.4 


6.5 


8.4 


Chemistry 


65,558 


£2.2 


5.7 


6.9 


5.6 


15.1 


10.7 


3.1 


Physics 


54,056 


30.3 


5.6 


6.9 


6.5 


14.7 


8.6 


3.1 


Earth/space sciences 


18,351 


42.6 


7.9 


4.0 


4.3 


7.0 


3.7 


6.7 


Engineering/technology . . 


26,201 


37.3 


7.5 


7.0 


3.6 


5.6 


12.7 


4.9 


Mathematics 


7,722 


40.3 


7.5 


7.9 


4.7 


4.6 


3.4 


4.7 



^Theseard numbers of publication&. 

Notes: When an article Is written by researchers from more than one country, that article Ic prorated across the number of author institutions 
in each country. Thus, if there are authors from two US Institutions and one French institution, the paper Is counted as twonhirds of a US 
pap6. and one>thlrd of a French paper. Data are based on over 3,200 Journals on the 1981 Science Citation index Corporate Tapes. 

SOURCE; Computer Horizons. Inc., Science & Engineering Indicators Literature Data Base. 1986. 
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Appendix table S<26. World publications witii 1, 2, 3, and 4 or more auttiors, 

by field and selected years 





1973 


1976 


1979 


1982 


1984 


1935 


1986 










All flpld« 








Percentage of papers with 


















33 


29 


24 


23 


21 


20 


19 




33 


32 


31 


30 


29 


29 


28 




20 


21 


22 


22 


22 


22 


23 


V 4 or more authors 


15 


18 


22 


25 


28 


29 


31 




294,303 


294,973 


284,112 


384,768 


382,431 


402,403 


398,783 




2.27 


2.43 


2.61 


2.74 


2.85 


2.91 


2.98 








Clinical medicine 








.'^ Percentage of papers with 


















27 


23 


18 


17 


16 


15 


14 




29 


27 


25 


24 


23 


22 


21 




22 


23 


23 


23 


22 


22 


22 




22 


27 


33 


36 


40 


41 


43 




80,080 


82,284 


82,197 


121,180 


121,593 


127,905 


128,537 




2.58 


2.79 


3.03 


3.18 


3.32 


3.40 


3.50 








Biomedical research 






Percentage of papers with 


















24 


21 


17 


15 


14 


14 


14 




38 


36 


35 


32 


30 


29 


28 




23 


24 


25 


25 


26 


24 


24 




15 


19 


23 


27 


31 


32 


34 




41,134 


43,558 


44,126 


57,634 


56,592 


65,447 


65,246 


Authors/paper (average) 


2,37 


2.54 


2.71 


2.87 


3.02 


3.05 


3.14 










Dioiogy 








Percentage of papers with 


















42 


38 


33 


30 


28 


28 


27 




35 


35 


36 


36 


36 


36 


36 




16 


18 


20 


20 


22 


22 


22 


4 or more authors 


8 


10 


12 


13 


15 


15 


15 




25,926 


25,882 


26,005 


39,891 


38,811 


35,520 


34587 




1.93 


2.04 


2.17 


2.23 


2.32 


2.31 


2.34 










Chemistry 








Percentage of papers with 


















17 


16 


15 


14 


13 


13 


13 




39 


36 


34 


31 


30 


30 


29 




27 


28 


28 


28 


28 


28 


26 




i7 


21 


23 


26 


29 


29 


30 




47,501 


47,135 


44,882 


58,652 


55,524 


57,1^3 


57,465 




2.52 


2.64 


2.74 


2.83 


2.93 


2.92 


2.96 










Physics 








Percentage of papers with 


















31 


28 


26 


25 


24 


22 


22 




36 


35 


34 


33 


32 


31 


30 




20 


i!0 


21 


22 


22 


22 


22 




14 


17 


19 


21 


23 


25 


25 




37,536 


38,516 


38,579 


48,606 


47,934 


56,016 


55,840 




2.31 


2.46 


2.55 


2.64 


2.72 


2.80 


2.83 
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Appendix table 5-26. (Continued) 





1973 


1976 


1979 


1982 


1984 


1985 


1986 








Earth/space sciences 






Percentage of papers with 
















1 author 


48 


42 


39 


36 


33 


31 


30 




32 


33 


33 


33 


34 


35 


34 




13 


IS 


17 


17 


IB 


18 


19 


4 or more authors 


8 


10 


12 


14 


16 


15 


17 


Total number of papers 


12.746 


12,966 


12,842 


17,404 


16,707 


18,129 


18,602 


Authors/paper (average) 


1.87 


2.01 


2.12 


2.21 


2.33 


2.32 


2.39 








Engineering/technology 






Percentage of papers with 
















1 author 


S3 


51 


40 


36 


35 


32 


30 


2 authors 


28 


29 


32 


33 


32 


34 


34 


3 authors 


12 


14 


17 


19 


19 


19 


21 


4 or more authors 


6 


7 


11 


12 


14 


15 


15 


Total number of papers 


39,764 


35,825 


27,959 


33,271 


35,349 


31,645 


29,996 


Authors/paper (average) 


1.76 


1.82 


2.08 


2.17 


2.23 


2.29 


2.33 








Mathematics 








Percentage of papers witii 
















1 author 


75 


73 


70 


66 


63 


62 


62 


£ dUlllUld •..».*■■•..•»•■■ 


» CI 




25 


27 


29 


on 

"0 


30 


3 authors 


3 


4 


4 


5 


6 


7 


7 


4 or more authors 


1 


1 


1 


1 


2 


1 


1 


Total numlw' of papers 


9,597 


8,808 


7,523 


10,131 


9,924 


10,428 


8,510 


Authors/piper (average) 


1 32 


1.33 


1.38 


1.42 


1.46 


1,47 


1.47 



Note: Data for 1 973«8U are based on tho articles, notes, and reviews In over 2, 1 00 of the influential lournals carried on the 1 973 Science 
Citation Index Source Tapes of the Institute for Scientific Information; 1 981 *66 data are babod on over 3,200 journals on the 1 981 Science 
Citation Index Source Tapes. 



SOURCE: Computer Horizons, Inc., Science & Engineering Indicators utoi ature Data Base* 1 988. 
See figure 5-10. 
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Appendix table 5-27. Internationally coauthored articles, by field: 1976-86 



1976 



1977 



1978 



1979 



1980 



1981 



1982 



1983 



1984 



Internationally coauthored articles as a percent of all articles 



All fields 

Clinical medicine 

Biomedical research .. 

Biology 

Chemistry 

Physics 

Earth/space sciences . 
Engineering/technology 
Mathematics 



All fields 

Clinical medicine 

Biomedical research .. 

Biology 

Chemistry 

Physics 

Earth/space sciences . 
Engineering/technology 
Mathematics 



All fields 

Clinical medicine 

Biomedical research .. 

Biology 

Chemistry 

Physics 

Earth/space sciences . 
Engineering/teclino^ogy 
Mathematics 



Internationally coauthored articles 



1985 



10,561 
2.314 
1,862 
853 
1,384 
2,142 
830 
627 
549 



11,338 
2,440 
2,032 
915 
1,546 
2,321 
849 
721 
515 



12,317 
2,709 
2,147 
1,011 
1,598 
2,548 
963 
806 
536 



13,227 
2,837 
2,393 
1,121 
1,761 
2,757 
1,021 
803 
534 



14,057 
3,032 
2,533 
1,051 
1,932 
2,960 
1,108 
842 
600 



20,414 
4,725 
3,415 
1,898 
2,565 
3,881 
1,586 
1,428 
914 



21,745 
5,084 
3,765 
1,804 
2,802 
4,217 
1,709 
1,416 
948 



23,275 
5,554 
3,965 
2,034 
2,857 
4,334 
1,827 
1,686 
1,019 



24,799 
5,751 
4,181 
2 "08 
3,073 
4,646 
2,065 
1,680 
1,096 



27,522 
6,735 
4,836 
2,211 
3,217 
5,522 
2,154 
1,653 
1,194 



All articlb. 



1986 



4.0 


4.3 


4.6 


4.9 


5.2 


5.5 


5.8 


6.2 


6.7 


7.1 


7.5 


3.0 


3.1 


3.3 


3.6 


3.8 


4.1 


4.3 


4.7 


4.8 


5.4 


5.7 


4.5 


4.9 


5.0 


5.5 


5.7 


6.2 


6.6 


6.9 


7.4 


7.5 


8.3 


3.6 


3.8 


4.3 


4.5 


4.6 


4.8 


4.6 


5.4 


6.1 


6.3 


6.5 


3.2 


3.8 


3.6 


4.1 


4.3 


4.7 


5.1 


5.3 


5.7 


5.8 


6.1 


5.8 


6.5 


7.1 


7.5 


V.8 


8.5 


8.9 


9.2 


10.0 


10.2 


10.5 


7.3 


7.7 


8.6 


8.8 


S.7 


9.3 


10.3 


11.1 


12.6 


12.1 


12.4 


2.S 


2.9 


3.3 


3.6 


3.9 


4.7 


4.9 


5.3 


5.5 


5.9 


6.8 


6.7 


6.8 


7.3 


7.6 


9.0 


e.8 


10.0 


10.7 


11.8 


12.5 


13.4 



266,453 
75,929 
41,832 
23,907 
43,400 
36,818 
11,326 
25,114 
8,127 



262,993 
77,487 
41,314 
23,761 
40,905 
35,897 
11,053 
25,007 
7,569 



270,124 
81,211 
42,903 
23,266 
43,813 
35,802 
11,218 
24,587 
7,325 



266,007 
78,828 
43,591 
24,830 
43,249 
36,688 
11,566 
22,181 
7,053 



269,569 
80,546 
44,272 
22,836 
44,446 
37,943 
11.394 

6,673 



368,956 
116,385 
55,306 
39,235 
54,433 
45,563 
16,991 
30,709 
10,-c(34 



371,767 
118,188 
57.206 
39,024 
55,382 
47,231 
16,661 
28,601 
9,473 



373,548 
119,326 
57,285 
37,786 
54,188 
46,905 
16,508 
32,072 
9,478 



369,930 
119,095 
56,219 
38,092 
54,119 
46,452 
16,335 
30,309 
9,309 



390,069 
125,718 
64,717 
34,932 
55,268 
54,044 
17,834 
28,005 
9,551 



28,936 
7,179 
5,356 
2,233 
3,402 
5,683 
2,278 
1,770 
1,035 



387,190 
126,566 
64,552 
34,164 
55,558 
54,056 
18,351 
26,201 
7,722 



Note: Data for 1 976-1980 are based on tlie articles, notes, and reviews In over 2100 of the Influential Journals carried on tlie 1973 Science Citation Index Corporate Tapes of 
the Institute for Scientific Information; 1 981 -1 988 data are based on over 3200 journals on the 1981 Science Citation Index Corporate Tapds. 
SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, 1988. 
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Table 5*28. Internationally coauthored science and engineering >nicles for selected countries: 1976-86 



Country 1976 1977 1978 1979 1980 1981 1082 1S83 1984- 1985 1 986 



Internationally coauthored articles as a percent of all articles by country 



West Germany 9.7 10.9 11.3 12.5 13.6 14.2 15.0 16.4 17.6 18.8 20.9 

United Kingdom 10.0 10.6 11.3 12.1 13,1 13.5 13.9 14.4 15.6 15.7 16.6 

Canada 12.4 12.9 14.0 14.4 15.1 17.1 17.7 17.3 18.4 18.9 19.4 

France 10.3 11.4 12.5 13.1 l3.7 15.2 16.7 18.0 -18.9 20.5 21.3 

USSR 2.0 2.5 2.4 2.8 3.0 2.8 2.9 3.0 2.9 3.2 3.3 

United States 5.6 6.0 6.1 6.6 7.1 7.5 7.9 8.6 9.3 9.7 10.2 

Japan 3.5 3.9 3.9 4.4 4.6 5.2 5.7 6.0 6.7 7.1 7.5 



Internationally coauthored articles 



West Germany 1.741 1,924 2,176 2,244 2,459 3.557 3,767 4,058 4,292 4,999 5,323 

United Kingdom .... 2.574 2,633 2,784 2,889 3,159 4.492 4,626 4,847 5,150 5,545 5,789 

Canada 1,532 1,599 1,715 1.812 1,819 2,718 2,861 2,862 3,183 3.494 3.636 

France 1,591 1,790 1.838 2,003 2,153 3,062 3,342 3,546 ^761 4,220 4.507 

USSR 432 523 528 604 637 836 900 929 869 994 982 

UnitedStates 5,675 5.972 6.248 6.758 7.192 10.268 11.013 11,830 12.743 14.123 14.824 

Japan... 556 635 679 768 872 1.334 1.516 1.645 1.878 2,196 2,309 



All articles by country 



WestGermany 17.968 17,663 19,192 17,993 18,096 25,118 25,060 24,692 24,331 26,565 25,511 

United Kingdom .. . 25,784 24,809 24,635 23,829 24,026 33.168 33,314 33.777 32.9?9 35,227 34,812 

Canada . 12,329 12,382 12.226 12.606 12,072 15.877 16,135 16,582 17.302 18.509 18.766 

Fnnce 5,438 15.769 14,694 15.265 15,671 20,152 20,043 19,663 19,894 20.629 21,208 

USSR 21,344 21,012 22,448 21,719 21,498 30,044 30,796 31,381 29,849 30,823 29.778 

UnitedStates 102,183 100,352 102,288 102,682 101,919 137,327 139,028 138,243 137,359 1 44.915 1 45,179 

Japan 15.738 16.170 17.231 17,563 18,830 26,7^3 26,626 27,221 27,970 30,768 30,956 



Notes: Data for 1973-80 are based on the articles, notes, and reviews in over 2, 1 00 of the influential Journals carried on the 1 973 Sclencd Citation Index Corporate Tapes of 
the Institute tor Scientific Information; 1981 -86 data are based on over 3.200 journals on \hB 1981 Science Citation index Corporate Tapes. Articles are atlributed to a countn/ 
If at least one author is from the country. Because of multiple counting of papers, adding together the numbers lor different countries would lead to a larger count than the 
actual number of published papers. 

SOURCE: Computer Horizons, Inc., Science and Engineering Indicators Literature Data Base, 1968. 
See figure 0-17 in Overview and text table S-5. 
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Appendix table 5-29. (nternattonal science and engineering coauthorshipi by U.S. 

sector: 1981-86 

Sector 1981 1982 1983 1984 1985 1986 

Percent of articles involving cros^s-nationil collaboration 

Academic Institutions 7.7 S.O 8.6 9.3 9.7 10.2 

Nonprofit institutions 5.7 6.3 6.9 7.5 8.0 8.7 

FFRDCs 9.6 11.5 11.8 14.1 13.3 14.8 

Federal and local government 6.0 6.6 7.4 7.9 8.3 . 8.6 

liitiustry 5.5 6.5 6.5 7.0 7.9 7.9 

Number of articles involving cross-national collaboration 

Academic institutions 7.980 8,484 9.098 9,857 10,840 11,472 

Nonprofit institutions 829 91 4 1 ,024 1 .1 21 1 .259 1 ,344 

FFRDCs 614 714 756 829 928 1,031 

Federal and local government 1 .330 1 .454 1 ,601 1 ,733 1 ,830 1 ,922 

Industry 743 890 944 999 1,196 1,219 

Total articles 

Academic Institutions 104.112 106,657 105.246 105,596 111,690 112,639 

Nonprofit institutions 14,624 14,597 14,919 14,862 15,664 15,339 

FFRDCs 6.393 6,186 6,417 5.884 6,952 6.981 

Federal and local government 22,014 22,132 21,750 21,816 22,118 22.254 

Industry 13.462 13.705 14,598 14,220 15,127 15.453 

FFRDC » Federally funded research and development center. 

Notes: Data are based on the articles, notes, and reviews in over 3,200 Journals on the 1981 Science Citation Index 
Corporate Tapes. Articles with at least one author from the specified sector are counted in that sector. Thus, an article 
coauthored by two sectors will be counted twice, once for each sector. Therefore, the columns will add to a larger number 
of articles than the actual number puolished. 

SOURCE: Computer Horizons. Inc.. Science & Engineering Indicators Literature Data Base, 1 966. 
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Appendix table 5-30. U.S. publications In science and engineering fields^ by sector: 1976 and 1986 



Academic Federal Nonprofit 

Field Total institutions Industry Government institutions FFRDCs Other 



1 976 (Number) 

Allfieldu 99,430 66,019 9.648 10.521 6,890 3,384 2,960 

Clinical medicine 32,821 21,498 1,156 3J68 4,594 169 1.633 

BiomediCdl research 16,259 12,569 452 1.414 1,185 312 329 

Biology 10,573 7,627 312 1,858 308 62 405 

Chemistry 9,433 6.537 1,553 689 199 328 128 

Physics 1 1,499 6.941 1.750 1,091 166 1,502 50 

Earth/space sciences 5,009 3,490 243 691 137 364 84 

Engineering/technology 10.345 4,165 4,076 928 248 615 321 

Mathematics 3,484 3,194 106 82 61 31 10 

1986 (Number) 

All fields 137.770 95,812 11,872 12,892 9,896 4.760 2,538 

Clinical medicine 50,838 34,920 2,111 5,025 6,787 254 1,541 

Biomedical research 24,764 18,797 1,164 2,291 1,818 343 352 

Biology 13.000 10,068 337 1,662 380 69 285 

Chemistry 12,313 8,734 2.100 734 189 491 65 

Physics 16.361 10.129 2,881 917 206 2,195 32 

Garth/space sciences 7,811 4,985 580 1,206 285 579 177 

Engineering/technology 9,774 5,369 2,579 790 180 776 81 

Mathematics 3,109 <.,811 121 68 49 56 4 



1976 (Percent) 

All fields 100.0 66.4 9.7 10.6 6.9 3.4 3.0 

Clinical medicine 100.0 65.5 3.5 11.5 14.0 0.5 5.0 

Biomedical research 100.0 77.3 2.8 8.7 7.3 1.9 2.0 

Biology 100.0 72.1 3.0 17.6 2.9 0.6 3.8 

Chemistry 100.0 69.3 16^5 7.3 2.1 3.5 1.4 

Physics 100,0 60.4 15.2 9.5 1.4 13.1 0.4 

Earth/space sciences 100.0 69.7 4.9 13.8 2.7 7.3 1.7 

Engineering/technology 100.0 40.3 '^9.4 9.0 2.4 5.9 3.1 

Mathematics 100.0 91.7 d,0 2.4 1.8 0.9 0.3 



1986 (Percent) 

All fields 100.0 69.5 8.6 9.4 7.2 3.5 1.8 

Clinical medicine 100.0 69.0 4.2 9.9 13.4 0.5 3.0 

Biomedical research loO.O 75.9 4.7 9.3 7.3 1.4 1.4 

Biology 100.0 77.4 2.6 14.3 2.9 0.5 2.2 

Chemistry. 100.0 70.9 1*^.1 6.0 1.5 4.0 0.5 

Physics.... 100.0 61.9 17.6 5.6 1.3 13.4 " 0.2 

Earth/space ficiences 100.0 63.8 7.4 15.4 3.6 7.4 2.3 

Engineering/technology 100.0 54.9 26.4 8.1 1.8 7.9 0.8 

Mathematics 100.0 90.4 3.9 2.2 1.6 1.8 0.1 



FFRDC B Federally funded research and development center. 

Notes: Datn for 1976 are based on the articles, notes, and reviews in over 2.100 of the influential journals carried on the 1973 Science 
Citation Index Ccnorate Topoft of the Institute for Scientific Inf orinatlon : 1 986 data are based on over 3.200 journals on the 1 98 1 Science 
Citation Index Corporate Tapes. When an article is written by researchers from more than one sector, the article is prorated among sectors, 
based on the nt-mber of author institutions in each sector. 

SOURCE: Computer HorizonSt Inc., Science & Engineering Indicators Literature Data Base. 1988. 

Science & Bnginoering IndfcatorS'-'IQSB 



376 



Appendix table 5-31. Coauthorship among U.S. sectors: 1973, 1976. and 1982-86 



1973 1976 1982 19S3 1984 1985 1986 1973 1976 1982 1^83 1984 1985 1986 



Industry articles coauthored with 

Ail sectors 2,048 

Nonprofit institutions 160 

FFRDCs 69 

Government 423 

Academic institutions 1,542 

Nonprofit articles coauthored with 

All sectors 4,835 

Industry 160 

FFRDCs 36 

Government 708 

Academic institutions 4,392 

FFROC articles coauthored with 

All sectors 1,371 

Industry 69 

Nonprofit institutions 36 

Government 88 

Academic Institutions 1,193 

Government articles coauthored with 

All sectors 7,078 

Industiy 423 

Nonprofit institutions 708 

FFRDCs 88 

Academic institutions 6,200 

Academic articles coauthored with 

All sectors 12,988 

Industry 1,542 

Nonprofit Institutions 4,392 

FFRDCs 1,193 

Government 6,200 



2,166 
137 
83 
522 

1,592 



4,950 
137 
60 
727 

4,515 



1,438 
83 
60 
109 

1,250 



7,729 
522 
727 
109 

6,777 



13,858 
1,592 
4,515 
1,250 
6,777 



4,166 
364 
268 
861 

3,297 



- Number - 

4,434 
404 
352 
965 
3,386 



6,279 
364 
107 
1,138 
7,627 



2,509 
288 
107 
248 

2,095 



11,545 
861 
1,138 
248 
10,197 



8,472 
404 
107 
1,157 
7,798 



2,68?. 
352 
107 
291 

2,159 



11,474 
965 
1,157 
291 

10,028 



4,590 
440 
362 
922 

3,584 



8,410 
440 
125 
1,080 
7,718 



2,709 
362 
125 
309 

2,186 



11,598 
922 
1,080 
309 

10,249 



5,150 
514 
380 
1,011 
4,063 



9,097 
514 
132 
1,265 
8,326 



2,995 
380 
132 
316 

2,406 



11,959 
1,011 
1,265 
316 

10,456 



5,455 
549 
455 
1,135 
4,283 



9,039 
549 
106 
1,284 
8,298 



3,277 
455 
106 
382 

2,637 



12,366 
1,135 
1,284 
382 

10,809 



17.0 
1.3 
0.6 
3.5 

12.8 



50.0 
1.7 
0.4 
7.3 

45.4 



39.8 
2.0 
1.0 
2.5 

34.6 



39.8 
2.4 
4.0 
0.5 

34.9 



19.9 
1.3 
0.8 
4.8 

14.6 



51.9 
1.4 
0.6 
7.6 

47.4 



44.0 
2.5 
1.8 
3.3 

38.3 



45.6 
3.1 
4.3 
0.6 

39.9 



30.4 
2.7 
2.0 
6.3 

?4.1 



Percent 

30.4 
2.8 
2.4 
6.6 
23.2 



32.3 
3.1 
2.5 
6.5 

25.2 



56.7 
2.5 
0.7 
7.8 

52.3 



40.6 
4.3 
1.7 
4.0 

33.9 



52.2 
3.9 
5.1 
1.1 

46.1 



56.8 
2.7 
0.7 
7.8 

52.3 



41.8 
5.5 
1.7 
4.5 

33.6 



52.8 
4.4 
5.3 
1.3 

46.1 



56.6 
3.0 
0.8 
7.3 

51.9 



46.0 
6.2 
2.1 
5.3 

37.1 



52.2 
4.2 
5.0 
1.4 

47.0 



34.0 
3.4 
2.5 
6.7 

26.9 



58.1 
3.3 
0.8 
8.1 

53.2 



43.1 
5.5 
1.9 
4.5 

34.6 



54.1 
4.6 
5.7 
1.4 

47.3 



35.3 
3.6 
2.9 
7.3 

27.7 



58.7 
3.6 
0.7 
8.3 

53.9 



46.9 
6.5 
1.5 
5.5 

37.8 



55.6 
5.1 
5.8 
1.7 

48.6 



21,938 


23,371 


22,424 


23,753 


24,388 


17,1 


18.4 


20.6 


20.9 


21.2 


21.3 


21.7 


3,297 


3,386 


3,584 


4,063 


4.283 


2.0 


2.1 


3.1 


3.2 


3.4 


3.6 


3.8 


7,627 


7,798 


7,718 


6,326 


8,298 


5.8 


6.0 


7.2 


7.4 


7.3 


7.5 


7.4 


2,095 


2,1 5S 


2,186 


2,406 


2,637 


1.6 


1.7 


2.0 


2.1 


2.1 


2.2 


2.3 


10,197 


10,028 


10,249 


10,456 


10,809 


8.2 


9.0 


9.6 


9.5 


9.7 


9.4 


9.6 



FFROC > Federally funded research and development center. 

Notes: Data for 1973 and 1976 are based on ti^ie articles, notes, and reviews In over 2,100 of the Influential journals carried on the 1073 Science Citation Index Corporate 
Tapes of the Institute for Scientific Information; 1 98M 986 data are based on over 3.P.00 Journals on the 1 981 Science Citation Index Corporate Tapes. An article Is counted 
from a sector if one or more authors is from the sector. Partly because some articles have authors from more '""^n two sectors, the '*All sectors" total Is slightly less than the 
sum of the four individual sector coauthorsMps. 

SOURCE; Computer Horizons, Inc., Science & Engineering Indicators Literature Data BasOi 1986. 
See figure 5*11. 
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Appendix tabie 5«32« Academic cosuthorship of industry articles, by science and engineering field 

for selected years 

1973 1976 1979 1981 1982 1983 1984 1985 



1986 



Academla/industry coauthored articles as a percent of ail industry articles 



All fields 

Clinical medicine ..... 
Biomedical research . . 

Biology 

Cliemistry 

Physics ........ 

Eartli/space sciences . 
Engineering/technology 
Mathematics 



All fields 

Clinical medicine 

Biomedical research . . 

Biology . 

Chemistry 

Physics 

Earth/space sciences . 
Engineering/technology 
Mathematics 



All fields..... 

Clinical medicine 

Biomedical research . . 

Biology 

Chemistry 

Physics 

Earth/space sciencer^ . 
Engineering/technology 
Mathematics 



13 


15 


17 


22 


24 


23 


25 


27 


28 


21 


21 


26 


30 


34 


33 


35 


40 


37 


19 


25 


26 


35 


37 


35 


35 


39 


38 


19 


27 


' 31 


39 


46 


42 


37 


44 


44 


9 


11 


11 


13 


17 


15 


16 


16 


18 


13 


16 


17 


20 


' 21 


23 


25 


23 


23 


29 


26 


26 


34 


35 


33 


36 


33 


36 


9 


10 


12 


16 


17 


16 


17 


18 


20 


29 


2^ 


37 


43 


35 


42 


42 


43 


40 


Academia/jndustry coauthored articles 


1,542 


1,592 


1,710 


2,905 


3,297 


3,386 3,584 


4,063 


4,283 


322 


292 


356 


636 


768 


779 


916 


1,080 


1,150 


116 


143 


154 


276 


305 


334 


391 


534 


654 


82 


100 


125 


176 


246 


210 


213 


242 


217 


183 


184 


184 


2C9 


357 


328 


327 


365 


423 


244 


319 


327 


508 


575 


603 


650 


806 


625 


102 


80 


101 


207 


241 


222 


251 


286 


316 


455 


439 


424 


746 


732 


811 


757 


645 


629 


37 


35 


39 


89 


73 


100 


79 


105 


69 



Articles with one or more industry authors 



12,053 


10,885 


10,056 


13,462 


13,705 


14,598 


14,220 


15,127 


15,453 


1,566 


1,390 


1,391 


2,086 


2,257 


2,394 


2,608 


2,725 


3,102 


613 


582 


601 


782 ° 


824 


966 


1,109 


1,376 


1,715 


435 


376 


401 


452 


533 


500 


571 


553 


490 


1,975 


1,693 


1,660 


1,999 


2,124 


2,143 


2,007 


2,230 


2,415 


1,907 


2,020 


1,948 


2,559 


2,713 


2,623 


2,553 


3,511 


3,590 


352 


312 


389 


606 


691 


664 


698 


875 


884 


5,076 


4,387 


3,562 


4,770 


4,356 


5,075 


4,483 


3,612 


3,085 


^30 


127 


105 


208 


208 


235 


189 


245 


172 



Notes; Data before 1981 are based on the articles, notes, and reviews in over 2100 of the influential journals carried on the 1973 Science Citation Index 
Corrwrate Tapes of the Institute for Scientific Information; 198M986 data are based on over 3200 journals on the 1981 Science Cllalion Index Corporate 
Tapes. All articles with one or more industry authors are counted as industry articles. 

SOURCE: Computer Horizons. Inc.» Science & Engineering Indicators Literature Data Base. 1988. 

See liQu ro 0-26 in Oven/iew. 
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tf ' Appendix table f-;>3. Citations in U.S. papers to papers from selected countries, by field and citing year: 1977*86 



Publication year of citing papers 



1977 1978 1979 1980 1981 ' 1982 1983 1984 1985 1986 



Percent of citations in U.S. papers to 



France 



All fields 2.1 2.2 2.2 2.1 2.3 2.4 2.5 2.5 2.6 2.6 ' ' • 

Clinical medicine 1.4 1.4 1.5 1.5 1.7 1.7 1.8 1.8 1.8 1.9 

Biomedical research 2.3 2.3 2.4 2.4 2.5 2.6 2.6 2.7 2.6 2.7 

"Biology 1.0 1.1 1.2 1.1 1.2 1.1 1.2 1.0 0.9 0.9 v* 

Chemistry 3.1 3.6 3.2 3.1 3.1 3.5 3.5 3.6 3.6 3.6 

Physics 3.6 3.8 3.9 3.6 3.8 3.9 4.1 4.2 4.7 4.6 

Earth/space sciences 2.1 2.2 2.1 2.1 2.1 2.2 2.4 2.5 2.6 2.4 ^ 

Engineering/technology 1.3 1.4 1.6 1.2 1.7 1.9 1.8 2.2 1.8 1^8 C: 

Mathematics 3.5 3.5 3.3 2.8 2.9 2.9 3.7 2.8 3.1 3.8 u- 

Japan A 

All fields 2.1 2.3 2.3 2.5 2.7 2.8 2.9 3.0 3.3 3.5 

Clinical medicine 1.5 1.6 1.6 1.8 1.9 2.0 2.1 2.1 2.4 2.6 

Biomedical research 2.1 2.5 2.3 2.4 2.6 2.7 3.0 3.3 3!6 3!9 

Biology 1.8 2.0 2.1 1.9 2.2 1.9 1.8 2.1 2.2 2!o 

Chemistry 4.5 5.3 " ' 5.0 5.4 5.9 6.3 6.1 6.8 6.9 

Physics 2.5 2.4 f. 3.4 3.6 4.0 3.9 3.9 4.1 4.2 

Earth/space sciences 0.9 0.8 t. ■ i l.o 1.2 1.1 i.i i.o 1.3 

Engineering/technology 2.1 2.7 2."/ 3.6 3.9 3.7 4.3 4^3 4^1 

Mathematics 1.7 1.5 1.2 1.7 2.2 1.8 2.0 2.4 l!7 l!7 

^ United Kingdom ; _ 

All fields 7.3 7.3 7.0 6.7 6.3 6.1 5.8 6.0 5.8 5.9 

Clinical medicine 7.5 7.4 7.1 6.7 6.3 6.2 6.2 6.2 6.2 6.1 

Biomedical research 7.9 7.8 7.7 7.1 6.5 6.3 5.9 6.1 5.9 6.4 ' ' 

Bology 6.7 6.6 6.6 6.7 6.8 6.3 6.3 6.1 5.6 5.7 

Chemistry 7.9 7.7 7.4 7.1 6.5 6.3 6.2 6.4 5.8 6.0 

Physics 5.8 5.4 5.4 5.3 5.1 4.7 4.5 5.0 4.7 4.5 

Earth/space sciences 6.7 7.6 6.9 6.7 6.6 6.4 5.4 6.3 5.0 5.5 

Engineering/technology 6.7 7.5 7.1 6.3 5.7 5.3 4.9 4.6 5.0 4.9 

Mathematics 5.1 6.0 6.5 5.6 5.6 3.9 5.9 6.0 5.6 5.3 



West Germany 

All fields 2.8 2.9 3.0 3.2 3.2 3.2 3.2 34 3A 

Clinical medicine 1.6 1.7 1.8 1.7 1.8 1.8 1.8 1.9 2.0 1.9 

Biomedical research 3.1 3.5 3.3 3.6 3.7 3.5 3.6 3,7 3.5 3!3 

Biology 1.9 1.4 1,9 2.2 2.3 2.2 2.3 2.1 2.2 2.0 

Chemistry 4.9 5.0 4.9 5.2 5.0 5.3 5.0 4.8 4.9 5.8 

Physics 4.9 5.3 5.9 6.0 6.2 6.4 6.1 6.4 6.2 6.6 

Earth/space sciences 1.9 1.9 1.9 2.2 2.1 2.1 2.6 2.9 3.1 3.0 

Engineering/technology 2.6 2.3 2.5 2.9 2.7 2.8 2.3 3.0 3.1 3^2 

Mathematics 2.7 3.2 3.9 4.1 3. 9 3.2 3.7 3.2 3.8 3.4 

United States 

All fields 71.5 70.8 71.4 71.3 71.2 71.3 71.8 71.2 71.0 70.5 

Clinical medicine 73.9 73.5 73.9 74.4 74.3 74.4 74.5 74.2 73.6 73.0 

Biomedical research 70.8 69.2 70.9 70.8 70.7 71.1 71.4 71.1 71.8 71.4 

Biology 74.2 74.8 72.5 72.4 71.7 73.4 73.7 73.7 73.6 74.4 

Chemistry 61.2 59.7 61.6 61.5 62.3 61.3 61.2 63.1 62.5 60.7 

Physics 69.4 69.3 68.2 67.4 66.4 66.0 66.8 64.9 64.6 64.3 

Earth/space sciences 76.8 75.7 76.2 74.5 75.7 75.6 77.5 74.6 75.3 75.5 

Engineering/technology 75.3 75.2 74.4 74.7 74.2 75.1 75.3 74.2 73.4 73.4 

Mathematics 74.0 72.9 73.6 72.0 71.8 73.5 70.2 70.0 71.3 71.6 



(continued) 



•V- , , 340 




Appendix table S-33. (Continued) 

Publication year of citing papers 
1977 1976 1979 1980 1981 1982 1983 1984 1985 1986 

Percent of citations in U.S. papers to 
Non-United States 



All fields 28.5 29.2 28.6 28.7 28.8 28.7 28.2 28.8 29.0 29.5 

Clinical medicine 26.1 26.5 26.1 25.6 25.7 25.6 25.5 25.8 26.4 27.0 

Biomedical research 29.2 30.8 29.1 29,2 29.3 28.9 28.6 28.9 28.2 28.6 

Biology 25.8 25.2 27.5 27.6 28.3 26.6 26.3 26.3 26.4 25.6 

CtiemlStry 38.8 40.3 38.4 38.5 37.7 38.7 38.8 36.9 37.5 39.3 

Physics 30.6 30,7 31.8 32.6 . 33.6 34.0 33.2 35.1 35.4 35.7 

Earth/space sciences 23.2 24.3 23.8 25.5 24.3 24.4 22.5 25.4 24.7 24.5 

Engineering/technology 24.7 24.8 25.6 25.3 25.8 24.9 24.7 25.8 2§^6 ^6.6 

Mathematics 26.0 27.1 26.4 28.0 28.2 26.5 29.8 30.0 28.7 28.4 



Number of citations in U.S. papers to 
France 

Aii fields 8,904 8,840 9,549 9,145 10,359 11,081 11,805 11,383 12,484 12,768 

Clinical medicine 2,185 2,202 2,311 2,325 2,705 2,702 2,8?9 2,800 2,960 2,998 

Biomedical research 2,636 2,213 2,907 2,913 3,171 3,468 3.532 3,470 3,851 4,213 

Biology 252 252 291 276 316 315 333 294 224 220 

Chemistry 1,294 1,505 1,276 1,226 1,358 1,582 1,506 1,525 1,500 1,518 

Physics . 1,768 1,820 1,820 1,665 1,928 2,053 2,275 2,168 2,935 2,906 

Earth/space sciences 475 540 623 500 551 612 910 763 701 647 

Engineering/technology 145 155 195 142 226 255 244 275 212 171 

Mathematics 149 153 126 98 104 95 124 87 100 96 



Japan 

All fields 8,670 9,190 9,835 10,552 12,143 13,096 13,778 13,781 16,320 17,044 

Clinical medicine 2,261 2,420 2,504 2,824 3,151 3,270 3,418 3,347 4,062 4,151 

Biomedical research 2,389 2,343 2,880 2,975 3,390 3,578 4,037 4,258 5,503 6,046 

Biology 436 482 518 446 609 545 499 589 552 465 

Chemistry 1,836 2,203 2.039 2,010 2,328 2,688 2,678 2,571 2,796 2,961 

Physics 1,238 1,169 1,236 1,581 1,852 2,09." 2,142 2,05? 2,579 2,615 

Earth/space sciences 210 202 283 255 258 318 430 348 281 366 

Engineering/technology 229 305 328 402 478 542 508 540 494 398 

Mathematics 72 66 47 60 77 60 66 75 53 43 



United Kingdom 

All fields 30,855 29,393 30,659 28,468 28,590 28,167 27,951 27,676 28,218 28,553 

Clinical medicine 11,561 11,583 10,889 10,334 10,261 10,084 10,136 9,974 10,375 9,919 

Biomedical research 9,034 7,434 9,484 8,699 8,393 8,374 7,929 8.019 8,933 9,830 

Biology 1,611 1,566 1,617 ',619 1,877 1,753 1,785 1,707 1.402 1,323 

Chemistry 3,262 3,200 2,933 2,812 2,785 2,854 2,662 2,681 2,403 ?..b65 

Physics 2,882 2,620 2,555 2,449 2,580 2,472 9^85 2,587 ? 981 2,.'^t9 

Earth/space sciences 1,550 1,074 2,056 1,628 1,736 1,772 2,0/9 1,9^p 1,365 1,4r'6 

Engineering/technology 738 852 880 730 760 729 679 573 580 477 

Mathematics 218 264 245 197 198 129 196 188 178 134 



West Germany 

AllfieldS 11,783 11,762 13,058 13,526 14.688 14,976 15,52-, 15,292 16,444 16.375 

Clinical medicine 2,503 2,638 2.756 2,686 2,978 2,8yo 3,013 3,101 3,387 3,070 

Biomedical research 3,548 3,285 4,042 4,416 4,721 4,651 4,877 4,874 5,251 5.084 

Biology 456 342 473 1-25 620 615 667 599 555 462 

Chemistry 1,998 2,064 1,960 2,0.'6 2,142 2,405 2,159 2.030 2,024 2,456 

Physics 2,441 2,556 2,787 2,79o 3,179 3,341 3,355 3,324 ?,904 4.105 

Earth/boace sciences 440 473 580 54G 555 582 1 ,01 1 886 842 805 

Engineering, technology 284 262 311 343 356 380 317 377 .'61 307 

Matiiemw -js i14 143 149 143 137 106 123 100 UVI 86 



(ccnlinued) 
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Appendix table 5-33. (Continued) 



Publication year of citing papers 

« 1977 1978 1979 1980 1981 1982 1983 1984 1985 r986 

Number of citations in U.S. papers to 

_^ United States 

'^rfil-V ^^^'^^^ 304,202 324,883^31,920 344,541 326,962 347.926 340.365 

Clinical medicme 114.216 114,488 113.852 114,783 121.210 121.248 '122,061 118.522 123.698 117763 

Biomedical research 80.964 65.50U 87.657 86.865 91,055 93,828 95,660 92,90' 108.371 109 834 

?°'«9y 17,817 17.788 17.3?^ 17,447 19,695 20.567 20.945 20.735 18.380 17285 

25,202 24,850 9^4R4 24,486 26.903 27.935 26.188 26,552 25.696 25 877 

V'l^'f 34,534 33.597 32,175 31,405 33.890 34,729 36.W 33,716 40.561 40.232 

Earth/space sciences 17.766 18.769 22.772 17,966 19,788 20.834 30.006 23,103 20.502 P0 488 

Engmeering/technology 8.344 8,522 9,190 8,711 9,804 10,348 10.402 9:217 8 453 7 081 

•^^^^^'"3"°' 3,1 42 3,223 2,790 2.539 2.539 2.430 2.328 2,210 2.265 1.800 

W orld (U.S. plus non-U.S.) " 

'^"';f'f^••■-■. 422.396 404.828 435,222 426.790 456,408 465.694 480.125 459.029 489.875 482.986 

Clinical medicine 154.614 155.696 154.013 154.354 163,077 162,898 163.855 159.695 168.111 161 427 

Biomedical research 114,404 094,703 123.646 122.617 128.815 131.956 133,958 130,629 150.947 153882 

?'^9y 24.018 23.796 24.649 24.101 2V,450 28.023 28.420 28,116 24 964 23:242 

••• 41,176 41,638 39,729 39,806 43,152 45,575 42.764 42,098 41,135 ^42607 

JPl ^^'^^^ ^^-^^^ ^^-^^^ 51,037 52,595 55,290 51,962 62,809 62.533 

Earth/space sciences 23.126 24,786 29,886 24,126 26.126 27,560 38,706 30 955 27 219 27127 

Engineering/technology 11,080 11.328 12,347 11.663 13,218-13,777 13.819 12.418 1i:513 9649 

Mathematics 4.248 4.420 3.791 3.528 3,534 3.308 3.314 3,157 3.177 2:514 

f«?'SSf.ZSl°"rJ^''^''''''' ^"^ °' "'"^^ °" 19^3 Science Citation Index Corporate Tapes of the Institute 

SOURCE; Computer Horizons, Inc. Science & Engl loering indicators Literature Data Base, special tabulations for NSF. 1 988. 
See text table 5-6. 
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Appendix table S-34. Relative citation ratios for U.S. and foreign papers, by field: 1 977'86 , 



Publication year of citing papers 
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

Relative citation ratio^ 
Non-U.S. citations to U.S. papers 



All fields 1.00 0.99 1.00 1.00 1.00 1.00 1.01 1.00 1.00 1.01 

Clinical medicine 0.98 0.99 0.96 0.99 0.98 0.98 0.99 0.98 0.98 0.96 

Blomedicai research 1.07 1.02 1.07 1.05 1.03 1.03 1.03 1.02 1.03 1.04 

Biology 0.67 0.68 0.69 0.68 0.68 0.71 0.70 0.70 0.65 0.67 

Chemistry 1.12 1.11 1.13 1.14 1.14 1.17 1.15 1.16 1.13 1.14 

Physics 1.16 1.16 1.16 1.12 1.14 1.13 1.14 1.10 1.14 1.15 

Earth/space sciences 1.04 1.06 1.05 1.05 1.05 1.06 1.09 1.10 1.09 1.10 

Engineering/technology 0.82 0.81 0.60 0.80 0.83 0.83 0.83 0.78 0.73 0.74 

Mathematics 0.81 0.85 0.82 0.85 0.85 0.87 0.85 0.86 0.83 0.93 



U.S. citations to U.S. papers 

All fields 1.90 •i.89 1.92 1.92 1.93 1.94 1.95 1.94 1.93 1.92 

Clinical medicine 1.73 1.72 1.72 1.73 1.72 1.73 1.74 1.75 1.75 1.74 

Biomedical research 1.83 1.79 1.82 1.82 1.79 1.79 1.78 1.76 1.77 1.76 

Biology 1.63 1.67 1.67 1.71 1.71 1.74 1.74 1.72 1.70 1.72 

Chemistry 2.75 2.73 2.83 2.86 2.92 2.92 2.91 2.95 2.93 2.85 

Physics 2.12 2.16 2.19 2.19 2.19 2.19 2.22 2.16 2.17 2.19 

Earth/space sciences 1.68 1.66 1.69 1.64 1.69 1,72 1.79 1.74 1.74 1.73 

Engineering/technology 1.82 1.83 1.83 1.86 1.85 1.89 1.86 1.82 1.75 1.76 

Mathematics 1.61 1.65 "3 1.74 1.77 1,83 1.78 1.80 1,83 1.87 



U.S. citations to non-U,S. papers 

Ail fields 0.46 0.47 0.46 0.46 0.46 0.45 0.45 0.46 0.46 0.47 

Clinical medicine 0.46 0.46 0.46 0.45 0,45 0,45 0.45 0.45 0,46 0.47 

Biomedical research 0,48 0.50 0.48 0.48 0.48 0,48 0,48 0,48 0,47 0,48 

Biology 0,47 0.46 0.49 0.48 0.49 0.46 0.46 0,46 0.47 0.45 

Chemistry 0.50 0.52 0.49 0.49 0.48 0.49 0.49 0.47 0.48 0.50 

Physics 0.45 0.45 0.46 0.47 0.48 0.49 0.47 0.50 0.50 0.50 

Earth/space sciences 0.43 0.45 0.43 0.47 0.44 0.43 0.40 0.44 0.44 0.43 

Engineering/technology 0.42 0.42 0.43 0.42 0.43 0.41 0.42 0.44 0.46 0.46 

Mathematics 0.48 0.49 0.46 0.48 047 0.44 0.49 0.49 0.47 0.46 



^Also called "relative citation ,ndex," this measuros the tshare of citations a country, sector, etc., gets relative to the share of the world's 
literature it produces. 

Notes: Data are based on the articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation Index 
Corporate Tape'% of the Institute for Scientific Information. Citations are counted In a 2-year-lag. 3-year rolling cycle. For example, for citing 
year 1982, citations to publications in years 1978-80 are counted. 

SOURCE: Computer Horizons, inc.. Science & Engineering Indicators Literature Data Base, special tabulations for NSF. 1989. 
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Appendix table 5-35. Cross-sector citations tn U.S. papers: 1977-86 



Year of citing papers 



1977 1978 1979 



FFRDC citations to 

FFRDCs 10.82 

Federal Government 

Academic institutions 

Industry 

Nonprofit institutlont 

Federal Government citations to 

FFRDCs ^ 

Federal Government 

Academic institutions 

Industry 

Nonprofit institutions 

Academic citations to 

FFRDCs 

Federal Government • 

Academic institutions 

Industry 

Nonprofit institutions 

Industry citations to 

FFRDCs 

Federal Government 

Academic institutions 

Industry : 

Nonprofit Institutions 

Nonprofit citations to 

FFRDCs 

Federal Government 

Academic institutions 

Industry 

Nonprofit institutions 



1980 1981 



1982 1983 1984 1985 1986 



Relative citation ratio^ 



10.82 


10.81 


10.53 


11.76 


12.24 


12.94 


12.26 


13.01 


12.58 


12.56 


0.56 


0.60 


0.64 


0.54 


0.47 


0.59 


0.70 


0.57 


0.63 


0.64 


0.78 


0.78 


0.77 


0.77 


0.75 


0.72 


0.71 


0.74 


0.73 


0.75 


0.65 


0.64 


0.68 


0.67 


0.79 


0.85 


0.85 


0.77 


0.79 


0.80 


0.35 


0.44 


0.37 


0.36 


0.34 


0.36 


0.36 


0.32 


0.33 


0.33 



0.63 


0.53 


0.60 


0.51 


0.51 


0.57 


0.74 


0.54 


0.53 


0.56 


3.14 


3.15 


3.27 


3.36 


3.31 


3.35 


3.40 


3.54 


3.56 


3.54 


0.75 


0.77 


0.78 


0.78 


0.78 


0.77 


0.75 


0.75 


0.75 


0.74 


0.42 


0.47 


0.40 


0.36 


0.40 


0.43 


0.47 


0.43 


0.46 


0.49 


1.14 


1.03 


1.00 


0.99 


0.98 


0.38 


0.93 


1.03 


1.04 


1.02 



0.77 


0.68 


0.61 


0.64 


0.66 


0.69 


0.72 


0.68 


Oi67 


0.74 


0.77 


0.77 


0.80 


0.81 


0.81 


0.83 


0.86 


0.85 


0.84 


0.82 


1.18 


1.18 


1.18 


1.18 


1.17 


1.15 


1.14 


1.14 


1.13 


1.13 


0.35 


0.35 


0.35 


0.35 


0.38 


0.40 


0.43 


0.41 


0.43 


0.48 


1.02 


0.97 


0.93 


0.93 


0.94 


0.96 


0.S7 


1.01 


1.03 


1.01 



1.11 


1.02 


1.03 


1.00 


0.90 


1.03 


1.19 


1.04 


1.26 


1.22 


0.74 


0.66 


0.77 


0.70 


0.72 


0.68 


0.76 


0.78 


0.82 


0.81 


0.60 


0.59 


0.59 


0.60 


0.59 


C.60 


0.60 


0.62 


0.63 


0.6P 


4.35 


4.75 


4.69 


4.89 


5.12 


5.11 


4.93 


4.72 


4.46 


4.21 


0.43 


0.41 


0.44 


0.41 


0.40 


0.44 


0.49 


0.61 


0.61 


0.62 



0.33 


0.23 


0.19 


0.23 


0.24 


U.29 


0.34 


0.27 


0.24 


0.25 


1.00 


0.99 


1.04 


1.00 


1.00 


1.01 


0.98 


0.99 


0.98 


0.94 


0.85 


0.87 


0.88 


0.89 


0.88 


0.87 


0.87 


0.86 


0.86 


0.85 


0.23 


0.21 


0.21 


0.21 


0.25 


0.27 


0.28 


0.29 


0.26 


0.30 


4.02 


3.94 


3.71 


3.71 


3.75 


3.62 


3.63 


3.73 


3.84 


3.82 
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Appendix table S-3S. (Continued) 



Year of citing papers 



1977 1976 1979 1980 1981 1982 1983 1984 1985 



1986 



Number of citations 



FFRDC citations to 

All sectors 8,860 7,420 7,935 6,643 7,664 7.112 8,318 7,425 7,958 7,782 

FFRDCs 2,942 2,412 2,611 2,245 2.692 2,455 2,835 2,561 2,741 2.501 

Federal Government 541 480 537 376 377 430 592 415 488 483 

Academic institutions 4,567 3,829 4,057 3,435 3.868 3,504 4,044 3.774 3,977 4,046 

Industry 599 477 526 422 547 543 633 506 567 566 

Nonprofit institutions 211 222 204 165 180 160 214 169 185 186 

Federal Government citations to 

Allsectors 29,170 27.963 32,372 30.227 31,809 31.483 33.767 31.437 32,187 32,025 

FFRDCs 575 459 608 454 475 487 701 458 476 468 

Federal Government 10,222 9,680 11,255 10,676 11,085 10,978 11,710 11,088 11,269 11,114 

Academic institutions 14,737 14,449 16.946 15,962 16,920 16,594 17,520 16,336 16,661 16,657 

Industry 1,315 1,348 1,287 1,048 1,165 1,229 1,437 1,202 1,366 1,426 

Nonprofit institutions 2,321 2.027 2,276 2,087 2,164 2,195 2,399 2,353 2,415 2,360 

Academic citations to 

Allsectors 211,274 201,391 216,504 214,586 228,681 235,936 241,703 232,023 245,744 241,414 

FFRDCs 5,089 4,183 4,142 4,015 4,413 4,385 4,896 4,254 4,517 4,611 

Federal Government 17,980 17,084 18,462 18,185 19,509 20,279 21,221 19,650 20,220 19.337 

Academic institutions 165,370 159,388 172,370 1'71,246 181,916 186,773 189,331 182,699 193,146 189,436 

Industry 7,895 7,125 7,459 7,264 8,017 8,448 9,251 8,451 9,660 10,496 

Nonp'ofit institutions 14,940 13.611 14,071 13,876 14,826 16,071 17,004 16,969 18,201 17,534 

industry citations to 

Allsectors 16,653 14.746 16,329 14,980 17,328 17,927 20,037 17,834 21,290 20,636 

FFRDCs 572 456 524 436 4o7 493 660 495 738 654 

Federal Government 1,358 1,056 1 320 1,096 1,306 1,258 1,552 1,378 1,712 1,630 

Academic institutions 6,655 5,741 r ' ,'2 6,036 6,966 7,363 8,252 7,669 9,2A6 9,511 

Industry 7,569 7,072 V,515 6.989 8,123 8,248 8,866 7,499 8,629 7,916 

Nonprofit institutions 499 421 4C8 423 476 565 707 793 925 925 

Nonprofit citations tu 

Allsectors 22,031 20,345 23,034 24,208 24,961 24,874 27,093 25,635 27,407 25,530 

FFRDCs 227 143 141 162 176 199 258 188 178 169 

Federal Government 7,473 2,223 2,568 2,579 2,633 2.628 2,726 2,528 2,635 2,351 

Academic institutions. 12,594 11.894 13,788 14,696 15.048 14,955 16,243 15,291 16,330 15,225 

Industry 529 449 483 482 570 619 694 658 650 701 

Nonprofit Institutions 6,208 5.636 6,054 6.289 6,534 6,473 7,172 6,970 7,614 7,084 

FFRDC B Federally funded research and development center. 

Notes: Data are based on the articles, notes, and reviews in over 2.100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of the Institute 
(or Scientific Information. When an article is written by researchers from more than one sector, that article i** prorated across the number of author Institutions In each sector. 
Thus, if there are authors from two academic institutions and one FFRDC, the paper Is counted as two-thirds of an academic paper and one-third of an FFROC paper. Citations 
are counted In a 2-yea> -lag, 3-year rolling cycle. For example, for citing year 1 982, citations to publications in years 1 978-80 are counted. 

SOURCE: Computer Horizons. Inc., Science & Engineering Indicators Literature Data Base, special tabulations for NSF, 1 989. 
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Appendix table 5-36. Characterization of citations appearing in engineering papers 
publislied in 1984, by category of research 



Category of research^ 

Engineering 
and 

Applied technological Applied research Basic 

technology sciences and targeted scientific 

All research research basic rer^earch research 



— Number of citations 

Cited field 

All fields 88,504 1 5,835 43,527 1 8,468 1 0,674 

Engineering 59,483 15,093 40.599 3,660 139 

Physic? 14,501 441 647 8,787 4,626 

Chemistry 7,605 62 452 4,443 2,648 

Other 6,915 239 1,829 1,578 3,261 

. — _ Percent of citations^ 

Allfields 100.0 17.9 49.2 20.9 12.1 

Engineering 67.2 25.4 68.3 6.2 0.2 

Physics 16.4 3.0 4.5 60.6 31.9 

Chemistry 3.0 0,8 S>9 58.4 34.8 

Other 7.d 3.5 26.4 22.8 47.2 



Percent of world papers in field^ ™~ 

Plold 

Engineering 100.0 41.5 50.6 7.9 0.0 

Physics 100.0 1.0 2.4 32.5 64.1 

Chemistry IOO.O 0.7 2.8 27.8 68.7 



^Papers are given the categories of the journals in which they appear; journaic, are categorized from more applied to 
more basic research content. 

^Except for the "All" column, which has vertical percentage data, the columns show horizontal percentages, that Is. the 
percentages of papers in each of the research categories, by field. 

^Distribution of world publications was determined for 1 973-79. Data for more recQr>t years suggest a similar distributio n . 
Note: Citations in the citing year and all previous years (to 19V3) were counted. Data are based on the articles, notes, 
and reviews In over 2100 of the Influential journals carried on the 1973 Science Citation Index Corporate Tapes of the 
Institute for Scientificlnformation. 

SOURCE: Computer Honzons. Inc., special tabulations for NSF, 1988. 
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Appendix table S-37. Academic patenting activity, by most active patent classes: 1971«8S 



'foul Yearly average' 

Patent class and name 1971-88 1971-75 1976-80 1981-85 1986 1987 1988 



Number of patentS' 
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1 A 
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9A 


204 Chemistry, electrical and wave energy 


179 


6 


7 


13 


11 


13 


20 


530 Chemistry, lignins or reaction products 


156 


1 


3 


15 


14 


22 


23 


324 Electricityi measuring and testing 


136 


3 


4 


7 


15 


29 


21 


350 Optics, systems and elements 


139 


2 


5 


8 


16 


14 


29 


364 Electrical computers and data 


















132 


5 


5 


7 


10 


17 


17 




120 


3 


5 


6 


10 


23 


15 




116 


5 


6 


7 


8 


12 


7 


536 Organic compounds^ part of class 


















103 


3 


4 


7 


7 


11 


13 




102 


1 


2 


7 


11 


16 


22 


623 ProthesiSt parts or aids and 


















90 


4 


3 


5 


12 


11 


12 




85 


3 


3 


S 


11 


6 


12 


428 Stock material or miscellaneous 


















82 


3 


3 


6 


9 


4 


11 


437 Semiconductor device manufacturing: 


















6B 


1 


3 


S 


6 


8 


10 


358 Pictorial communication; television . . . 


59 


3 


3 


2 


3 


8 


9 



^These data are the average number of patents per year over S-year periods, whore indicated. To get total patents during those periods, 
multiply the yearly average by 5. The total column shows actual numbers of patents awarded. 

Note: Data are shown for the patent classes that accounted tor 1 percent or more of total academic patenting activity by at least two of the 
following three measures: total patents 1971 -88: total patents 1987; total patents 1988. 

SOURCE: : j.S. department of Commerce. Patent and Trademark Office, special tabulations for NSF, 1989. 

Sec tex» table 5-7. 
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Appendix table 5*38. Patents for top 10 patenting universities, by patent class, summed for 1986*88^ 



University (nunribbrof patents awarded in 1988) 



87 




Patent class \i\6 narne^ 

Total, all classes 

Total, classes below 

435 Chemistry, molecular biology and 
microbiology 

128 Surgery 

514 Drug, blodftecting and body 

treating compositions 

424 Drug, bioaffecting and body 

treating compositions 

324 Electricity, measuring and testing 
350 Optics, systems and elements . . 
356 Optics, measuring and testing 

073 Measuring and testing 

372 Coherent light generators 

604 Surgery 

364 Electrical computers and data 

processing systems 

437 Semiconductor device 

manufacturing: process 

250 Radiant energy 

530 Chemistry, peptides, lignins or 

reaction products 

204 Chemistry, electrical and wave 

energy 

436 Chemistry, analytical and 
immunological testing 

428 Stock material or miscellaneous 
articles 

427 Coating processes 

156 Adiiesive bonding and 
miscellaneous chemical 
manufacture 

260 Chemistry, carbon compounds . . 

528 Synthetic resins-class 520 

062 Refrigeration 

556 Organic compounds-part of class 
532-570 

310 Electrical generator or motor 
structure 



All 10 
schools 
(317) 

867 
586 



mi (63) 

171 
115 



Univ of 
Calif (59) 

181 
134 



Stanford 
Unlv (54) 



Univ of 
Minn (26) 



Johns 
Hopkins 
(21) 



Univ of Univ of Univ of Harvard 

Florida (21) Wise (20) Caltech(18) Texas (18) Univ (1 7) 



135 
112 



Number of patents, 1986*88- 

44 



70 
44 



57 
31 



22 



48 
36 



68 
28 



65 
43 



28 
21 



97 


15 


33 


8 


7 


2 


1 


13 


2 


10 


6 


64 


7 


17 


11 


S 


10 


6 


2 




6 




56 


13 


13 


2 


5 


4 


7 


5 




4 


3 


43 


5 


13 


8 


6 




3 


1 


1 


5 


2 


41 


2 


26 


4 


1 


1 




2 


1 


3 


1 


33 


2 




28 










3 






25 


4 




19 




1 






1 






21 


S 


6 


3 


3 




1 




3 






18 


4 


1 


8 










5 






20 


1 






9 


7 








2 


1 


19 


2 


3 


6 




3 


2 




2 




1 


14 


10 




2 


1 








1 






16 




3 


4 




1 




1 


5 


2 




21 


3 


6 


4 












4 


5 


16 




5 


1 


2 




2 


1 


1 


3 


1 


15 


3 


5 


2 


1 






2 


1 






13 


8 


2 


1 




1 




1 








11 


8 






2 






1 








10 


7 


1 






1 




1 








8 


2 












6 








7 


6 


1 


















6 








2 










4 




7 


4 






1 








2 






5 


4 




1 

















^Tho top 10 palonltng schools in 1988 arc used m this analysis. The 3-ycar poriod is used to partly smooth out ycar-to-ycuf vafiabthty m the distnbuuon of paioni classes. A lis! of the top 10 paioniing schools based on cumulativo 
patents during the 9-year period would differ slightly from the list used here. 

'A patent class ts included tf at least one of the top 10 patenting universities in 1988 received four or more patents m that ctass during 1986*88. 
Note: Blank cells indicate zero patents. 



SOURCE: U.S. Departnnent of Commerce, Pi m\ and Tradematk Office, spedat tabulations for NSF, 1 989. 



Appendix table 6-1. industry performance and funding of R&D in 
selected countries: 1970*89 







West 




United 


United 




France 


Germany 


Japan 


Kingdom 


States 






R&D performed hy industry 






... — _ 


— Millions In national currency - 






8,322 


8,900 


623,265 


NA 




1971 




10,521 


895,020 


NA 


18,320 


1972 




11,170 


1.044,928 


830.5 


19,552 


1973 


11,524 


11,7ei 


1,30l,tf27 


NA 


21,249 


1974 




12,733 


1,589,053 


NA 


22.887 


1975 




14,469 


1 ,684,847 


1,340.2 


24,187 






15,300 


1 ,882,231 


NA 


26,997 


1977 




16,717 


2,109,500 


NA 


29.825 


1978 




MA 






33,304 


1979 




23,120' 


2,664,913 


NA 


38,226 


1980 




24.806 


3,142,256 


3,303.0 


44,505 


1981 




26,610 


3,629,793 


3,792.0 


51,810 


1982 




28,778 


4,039,018 


3,978.0 


57,995 


1983 




30,462 


4,560,127 


4,163.0 


63,403 


1984 


54,000 


32,228 


5,136,634 


NA 


71,470 


1985 




36,640 


5,939,947 


5,100.0 


78,208 


1986 


67,100 


37,996 


6,120,163 


6,075.5' 


80.631 


1Qfi7 


7n onn 


40,280 


6,494,300 


NA 


00,000' 


IQflA 


MA 


NA 


NA 


NA 


90,600^ 


IQflQ 


MA 


NA 


NA 


NA 


95,350^ 






R&D funded by industry 
















• Millions in national currency — 




1970 


5,465 


7,419 


NA 


NA 


10.444 


1971 




8,594 


896,451 


NA 


10,822 


1972 


6,801 


8,915 


1,056,949 


576,5 


11,710 


1973 




9,357 


1,319,172 


NA 


13,293 


1974 




10,095 


1,626,151 


NA 


14.878 


1975 


10,229 


11,514 


1,715,604 


877.9 


15,820 


1976 




12,220 


1,924,345 


NA 


1 7,694 


1977 




13,596 


2,138,892 


NA 


19,629 


1978 


15,995 


NA 


2,330,556 


1,554.3 


22,450 


1979 




18,505< 


2,697,945 


NA 


26,082 


1980 


22,269 


19,895 


3,194,605 


2,203.0 


30,914 


1981 




21,857 


3,726,055 


2,529.03 


35.946 


1982 




23,560 


4,160,607 


2,699.0 


40,101 


1983 




25,141 


4,678,482 


2,869.03 


43.524 


1984 


40,700 


26,990 


5,278,561 


NA 


49.107 


1985 




30,627 


6,122,855 


NA 


52,358 


1986 




32,700 


6,311,269 


4,347.8 


53,950 


1987 


49,300 


34,1502 


NA 


NA 


56,722' 


1988 


NA 


NA 


NA 


NA 


60,4306 


1989 


NA 


NA 


NA 


NA 


64,0356 



(continued) 
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Appendix table 6-1. (Continued) 



West United United 

France Germany Japan Kingdom States 

Gross domestic expenditures o n R&D 

— Millions In national currency 

1970 14,956 13,903 1 355,505 NA 26,134 

1971 16,621 16,527 1,532,372 NA 26,676 

1972 18.277 18,212 1,791,879 1,354.6 28.477 

1973 19.789 19,232 2,215,836 NA 30,718 

1974 23.031 20.990 2.716,032 NA 32.864 

1975 26,203 22,968 2,974,573 2,296.0 35,213 

1976 29,774 24,150 3,320,288 NA 39,018 

1977 33.185 25,733 3,651.319 NA 42,783 

1978 37,671 NA 4,045,864 3,677.0 48,129 

1979 44,123 32,869' 4,583,630 NA 54,933 

1980.... 51.014 36,000 5.246,247 NA 62,594 

1981 62.4711 39^000 5.892,356 6.134.0' 71,866 

1982 74,836 41,700 6 "528,701 NA 70.364 

1983 84,671 43,500 7,180,800 6,812.53 87,280 

1984 96,198 45,500 7,893,931 NA 97,793 

1985 105,917 51,000 8,890,299 8,200.0 107,757 

19B6 114,900 52,900 9,192,900 9,029.0 112,497 

1987 120,200* 56,3002 9,836,600 NA 118,782? 

1988 NA NA NA NA 126,1156 

1989 NA NA NA NA 132,350s 

NA- Not available, 

1 Break in series from previous year for which date shown. 

'National estimate or projection adjusted by the Organisation for Economic Co-operation and 
Development (OECD), 

^National data adjusted by OECO. 

'Provisional, 

"Estimated by NSF. 

'Preliminary. 

SOURCES; United States: NSF, National Patterns of R&D Resources; r9fl9(NSF 69-308), p, 39, 
Other countries: OECD, Scientific, Technological and Industrial Indicators Division, "Main Science 
and Technology Indicators; 1982-88." Vol. 1. pp, 19-20; and unpublished tabulations. 
See figure 6-1. 
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3SU 



ERIC 



Current dollars Constant 1 982 dollars^ 



Federal Federal 
Total Company^ Government^ Total Company* Government^ 



' Millions of dollars - 



1960 10,509 4,428 6,081 33,955 14,307 19,648 

1961 10,908 4,668 6,240 34,917 14,942 19,974 

1962 11,464 5,029 6,435 3u,892 15,745 20,147 

1963 12,630 5,360 7,270 36,981 16,543 22,436 

1964 13,512 5,792 7,720 41,03? 17,589 23,444 

1965 14,185 6,445 7,740 41,992 19,079 22,913 

1966 15,548 7,216 8,332 44,474 20,641 23,833 

1967 16,385 8,020 8,365 45,590 22,315 23,275 

1968 17,429 8,869 8,560 46,194 23,506 22,688 

1969 18,308 9,857 8,451 46,023 24,779 21,244 

1970 18,067 10,288 7,779 42,986 24,478 18,508 

1971 18,320 10,654 7,666 41,280 24,006 17,274 

1972 19,552 11,535 8,017 42,056 24,812 17,245 

1973 21,249 13,104 8,145 42,893 26,451 16,441 

1974 22,887 14,667 8,220 42,415 27,181 15,234 

1975 24,187 15,582 8,605 40,781 26,272 14,509 

1976 26,997 17,436 9,561 42,805 27,645 15,159 

1977 29,625 19,340 10,485 44,330 28,746 15,584 

1978 33,304 22,115 11,189 46,115 30,622 15,493 

1979 38,226 25,708 12,518 48,652 32,720 15,932 

1980 44,505 30,476 14,029 51,919 35,553 16,366 

1981 51,810 35,428 16,382 55,140 37,705 17,435 

1982 57,995 39,512 18,483 57,995 39,512 18,483 

1983 63,403 42,861 20,542 61,047 41,268 19,779 

1984 71,470 48,308 23,162 66,342 44,842 21,500 

1985 78,269 51,439 26,830 70,544 46,362 24,162 

1986 80,631 52,848 27,783 70,772 46,386 24,386 

1987 (prel.) 85,500 55,500 30,000 72,661 47,166 25.495 

1988 (est.) 90,600 59,100 31,500 74,752 48,762 25,990 

1989 (est.) 95,350 62,600 32,750 75,741 49,726 26,015 

*Se8 appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 
dollars, 

^Includes all sources other than the Federal Government. 

^Data include federally funded R&D centers administered by lnd..siry. 

Note: Detail may not add to total because of rounding. 

SOURCES: 1 960-64: NSF, National Patterns of Science and Tea. jgy Resources: 198 1 (NSF 81-311), 
p, 21 ; 1965-84; NSF, National Patterns of Science and Technology Resources: 1984 (NSF 84-31 1 ), p. 28; 
1985-89: NSF, National Patterns of R&D Resources: 1989 {HSP 89-308), p. 39. 

See figure 6-2, and 0-24 in Overview. 
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Appendix table 6*2. Expenditures for Industrial R&D, 

by source of funds: 1 960-89 # 



Appendix table 6-3. Expenditures for industrial R&D, by industry: 1970-86 



1986 

'"^"S'^y 1970 1972 1974 1976 1976 1980 1981 1982 1983 1984 1985 (prel.) 

Millions of dollars - - - 

18.067 19.5f2 22,887 26.997 33.304 44,505 51,810 57.996 63.403 71,471 78,268 80.631 

All high-technology manufacturing industries 13,685 14,558 16,799 19,810 23,904 31,939 38,354 43,813 47,926 54,262 59 819 59408 

Chemicals and allied products (SIC 28) ... 1,773 1,932 2,450 3,017 3,580 4,636 5,625 6,659 7,293 8 028 8 690 9021 

Machinery (including computers) (SIC 35) . 1,729 2.158 2,985 3,487 4,283 5,901 6,818 7,835 8.386 9,667 10853 10696 

Electrical equipment (SIC 36) 4,220 4,680 5.011 5,636 6,507 9.175 1 0,329 11.642 1 3,950 1 5.694 1 7;055 18030 

Aircraft and missiles (SIC 372, 376) 5.219 4.950 5,278 6,339 7,536 9.198 11,968 13,658 13,853 16.033 17,918 16 420 

Professional and scientific instrumentvS (SIC 

744 838 1.075 1.331 1,998 3.029 3,614 4.019 4.444 4,840 5.303 5421 

All other manufacturing Industries 3.677 4.287 5.320 6.342 8.171 10,751 11.550 12.178 13.288 14,624 15.535 18507 

Food, kindred, and tobacco products (SIC 

^20,21) 230 259 298 355 472 620 NA NA NA NA NA NA 

Textiles and apparel (SIC 22.23) 58 61 69 82 89 115 NA NA NA NA NA NA 

Lumber, wood products, and furniture (SIC 

^24.25) 52 64 84 107 126 148 161 162 169 181 172 NA 

Paper and allied products (SIC 26) 178 189 237 313 387 495 NA 626 NA NA NA NA 

Petroleum refining (SIC 29) 515 460 622 767 1,060 1,552 NA NA NA NA NA NA 

Rubber products (SIC 30) 276 377 469 502 493 656 NA NA NA NA NA 1075 

Stone, clay, and glass products (SIC 32) . . 167 183 217 263 324 406 NA NA NA NA NA NA 

Primary metals (SIC 33) 275 277 358 506 560 728 878 1,000 1.115 NA NA NA 

Fabricated metal products (SIC 34) 207 253 313 358 38'v 550 624 568 604 716 628 622 

Motor vehicles (SIC 371) NA 1,954 2.389 2,778 3.879 4,955 4.806 4,807 5.337 6,090 7.035 NA 

Other transportation equipment (SIC 

373-75.379) NA 56 87 94 131 162 NA NA NA NA NA NA 

Other manufacturing industries 128 146 177 217 266 364 NA NA NA NA NA NA 

Nonmanufacturing industries 705 707 766 845 1.229 1.815 1,906 2.005 2.189 2.585 2.914 2716 

Millions of constant 1 982 dollars 

~°'3l 42.986 42.056 42.415 42.805 46,115 51,919 55.140 57,996 61.047 66.343 70.543 70,772 

All high-technology manufacturing industries 32.560 31,314 31,132 31.410 33.099 37.260 40.819 43,813 46.145 50.369 53 915 52144 

Chemicals and allied products (SIC 28) .. . 4.218 4.156 4,540 4.784 4.957 5,408 5,987 6,659 ■'022 7 452 7 832 7918 

Machinery (including computers) (SIC 35) . 4.114 4,642 5.532 5,529 5.930 6.884 7,256 7,835 ■ 74 8 973 9 782 9388 

Electrical equipment (SIC 36) 10.040 10.067 9,287 8,936 9.010 1 0.703 1 0.993 11,642 '2 14,568 15372 15826 

Aircraft and missiles (SIC 372, 376) 12,417 10,647 9,781 10,051 10,435 10,730 12.737 13,658 Iw.uJS 14,883 16,150 14.254 

Professional and scientific instruments (SIC 

1.770 1.803 1.992 2,110 2.767 3.534 3.846 4.019 4.279 4,493 4,780 4758 

All other manufacturing industries 8,749 9,221 9,859 10.055 11.314 12.542 12.292 12.178 12.794 13.575 14002 16244 

Food, kindred, and tobacco products (SIC 

,20,21) 547 557 552 563 654 723 765 780 843 929 NA 

Textiles and apparel (SIC 22 23) 138 131 128 130 123 134 132 130 139 129 NA 

Lumber, wood products, and furniture (SIC 

^^■25) 124 138 156 170 174 173 171 162 163 168 155 NA 

Paper end allied products (SIC 26) 424 407 439 496 536 577 NA 626 NA NA NA NA 

Petroleum refining (SIC 29) 1,225 1,007 1.153 1.216 1,468 1,811 NA NA NA NA NA NA 

Rubber products (SIC 30) 657 811 869 796 683 765 NA NA NA NA NA 944 

Stone, clay, and glass products (SIC 32) .. 397 394 402 417 449 474 NA NA NA NA NA NA 

Primary metals (SIC 33) 654 596 663 802 775 849 934 1,000 1,074 NA NA NA 

Fabricated metal products (SiC 34) 493 544 580 568 532 642 664 568 582 35 566 546 

Motor vehicles (SIC 371) NA 4,203 4,427 4.405 5.371 5,780 5,115 4,807 5.139 5.653 6341 NA 

Other transportation equipment (SIC 

373-75,379) NA 120 161 149 181 189 NA NA NA NA NA NA 

Other manufacturing industries 305 314 328 344 368 425 NA NA NA NA NA NA 

Nonmanufacturing industries 1,677 1.521 1,423 1.340 1,702 2,117 2,029 2,005 2,108 2,400 2,626 2384 

NA n Not available. 

'See appo'idix table 4-1 for GNP implicit prIcG deflators used to convert current dollars to constant 19S2 dollars. 
SOURCE: NSF, Researcti and Development in I .dusiry, annual series. 
See figure 6-3, figure 0-25 in Overview, and text table 6-1 . 
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Appendix table 6-4. Federal funding of industrial R&D, for selected industries: 1980-86 



1986 

Industry ^ 1980 1 983 1 984 1 985 (prel.) 

• ^ Millions of dollars - 

Total 14,029 20,542 23,162 26,830 27,783 

Chemicals and allied products (SIC 28) 372 448 232 299 248 

Industrial chemicals (SIC 281-2, 286) 341 440 223 282 247 

Drugs and medicines (SIC 283) NA NA NA 2 NA 

Petroleum refining (SIC 29) 151 NA NA NA NA 

Rubber products (SIC 30) NA NA NA NA 300 

Primary metals (SIC 33} 135 392 NA NA NA 

Ferrous metals and products (SIC 331 -2, 3398-99) 1 05 NA NA NA NA 

Nonferrous metals and products (SIC 333-6) 30 NA 32 41 34 

Fabricated metal products (SIC 34) 49 62 61 42 78 

Machinery (including computers) (SIC 35) 647 1,131 1,216 1,536 1,456 

Electrical equipment (SIC 36) 3,744 5,286 5,956 7»032 7,069 

Radio and TV receiving equipment (SiC 365) 210 NA NA NA NA 

Communication equipment (SIC 366) 1.657 2.572 3.114 3,593 3,809 

Electronic components (SIC 367) 382 346 452 520 583 

0*herelectricalequipment(SIC36l-4. 369) 1.495 NA NA NA NA 

Transportation equipment (SIC 37) NA NA NA 14,659 14.841 

Motor vehicles and motor vehicle equipment (SIC 371 ) 655 566 677 NA NA 

Aircraft and missiles (SIC 372, 376) 6,628 10.405 12.228 13,726 12.099 

Professional and scleniific instruments (SIC 38) 573 639 660 787 844 

Scientific and mechanical measuring instruments (SIC 381 -2) 350 NA NA NA NA 

Optical, surgical, photographic, and other instruments (SIC 383-7) .... 223 NA NA NA NA 

Nonmanufacturing industries 779 1.022 1.215 1,529 1.616 

— Millions of constant 1 982' dollars — 

Total 16,366 19.779 21.500 24,182 24.386 

Chemicals and allied products (SIC 28) 434 431 215 269 218 

Industrial chemicals (SIC 281-2, 286) 398 424 207 254 217 

Drugs and medicines {SIC 283) NA NA NA 2 NA 

Petroleum refining (SIC 29) 1 76 NA NA NA NA 

Rubber products (SiC 30) NA NA NA NA 263 

Primary metals (SIC 33) 157 377 NA NA NA 

Ferrous metals and products (SIC 331 -2. 3398-99) 122 NA NA NA NA 

Nonferrous metals and products (SIC 333-6) 35 NA 30 37 30 

Fabricated metal products (SIC 34) 57 60 57 38 68 

Machinery (including computers) (SIC 35) 755 1.089 1.129 1,384 1,278 

Electrical equipment (SIC 36) , 4,368 5,090 5,529 6,338 6.644 

Radio and TV receiving equipment (SIC 365) 245 NA NA NA NA 

Communication equipment (SIC 366) 1,933 2.476 2,891 3,238 3.343 

Electronic components (SIC 357) 446 333 420 469 512 

Otherelectrical equipment (SiC 361-4. 369) 1,?44 NA NA NA NA 

Transportation equipment (SIC 37) NA NA NA 13,212 13,026 

Motor vehicles and motor vehicle equipment (SIC 371) 764 545 628 NA NA 

Aircraft and missiles (SIC 372. 376) 7.732 10,018 11,301 12.371 10.620 

Professional and scientific instruments u 'C 23) 668 615 613 709 741 

Scientific and mechanical measuring instfuments (SIC 381-2) 408 NA NA NA NA 

Optical, surgical, photographic, and other instruments (SIC 3837) 260 NA NA NA NA 

Nonmanufacturing industries 909 984 1,128 1,378 1,418 

NA =t Not available. 

^See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1 982 dollars. 
SOURCE : NSF, Research and Development in industry (annual ser(es) . 
See text table 6*1. 
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Appendix table 6*5. Company funds for industrial i)&0, by industry: 1970-88 



1986 1987 1988 

'"dustry 1970 1972 1974 1976 1978 1980 1981 1982 1983 1984 1985 (prel.) (est.) (est.) 



• - ■■ - Millions of dollars ■ ■ - ■- - - - 

Total 10,283 11,535 14,667 17.436 22.115 30,476 35,429 39,513 42,861 48.309 51.436 52,846 55.500 59.100 

All high-technology 

manufacturing Industries .... 6,833 7,468 9,59S 11.373 14,383 19,975 24.156 27.529 30.016 33,971 36.439 37.189 40.185 43,646 
Chemicals and allied products 

(SIC 28) 1.593 1,741 2.236 2.751 3.250 4,264 5.205 6,226 6,845 7,797 8,391 8,773 9,340 10,039 

Machinery (including 

computers) (SIC 35) 1,469 1,758 2,473 2,955 3,901 6,254 6,124 6,977 7,254 8,452 9,317 9,239 10,792 12,334 

Electrical equipment (SIC36) . 2.008 2.313 2.704 3,081 3,741 5,431 6,409 7,048 8,6(54 9.738 10.023 10.460 11,080 11,458 
Aircraft and missiles (SIC 372, 

376) 1,213 978 1,278 1.418 1,823 2,570 3,440 3,882 3,448 3,804 4.192 4,141 4,233 4,637 

Professional and scientific 

instruments (bIC 38) 550 678 908 1.168 1,668 2,456 2,978 3.396 3,80S 4,180 4,516 4,576 4.740 5.178 

All other manufacturing 

industries 3,225 3,790 4,763 5,592 7.030 9,464 10,225 10,883 11.^378 12,968 13,613 14,558 NA NA 

Food, kindred, and tobacco 

products (SIC 20. 21) 222 258 297 NA NA NA 636 762 766 1.001 995 1,083 NA NA 

Textiles and apparel (SIC 22, 

23^ NA 61 NA NA NA NA 116 124 125 139 152 157 NA NA 

Lunitier, wood products, and 

furniture (SIC 24. 25) 52 NA NA 106 126 148 161 162 169 181 172 176 NA NA 

Paper and allied products 

(SIC 26) NA NA NA NA NA 495 566 626 674 802 859 887 NA NA 

Petroleum refining (SIC 29) . . 493 454 603 715 939 1.401 1,780 1,981 2.030 2,177 2.101 1,867 NA NA 

Rubber products (SIC 30) ... 205 255 NA NA NA NA 598 665 743 884 801 776 NA NA 
Stone, clay, and glass 

products (SIC 32) 156 168 NA NA NA 363 411 414 451 476 488 489 NA NA 

Primary metals (SIC 33) 265 264 350 481 497 594 702 721 722 715 753 809 NA NA 

Fabricated metal products 

(SIC 34) 201 243 299 322 348 501 545 510 542 654 585 544 NA NA 

Motor vehicles (SIC 371 ) .... 1,2732 1.661 2,101 2,395 3,381 4,300 4,219 4,329 4,771 5,413 6,208 7.253 7,164 7.331 
Other transportation 

equipment (SIC 373-5, 379) NA 29 40 NA NA 88 80 96 160 153 138 137 NA NA 

Other manufacturing industries NA NA NA 212 266 339 4l1 493 525 373 361 381 NA NA 

Nonmanufacturing industries .. . 225 277 305 471 702 1,037 1,048 1,101 1,167 1,370 1,384 1.099 NA NA 
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Appendix table 6-S. (Continued) 

1986 1987 1988 

'ndustry 1970 1972 1974 1976 1978 1980 1981 1982 1983 1981 1985 (prel.) (est.) (est.) 

. — Millions of constant 1982 dollars' — --^ — ~ 

Total 24,466 24.812 27.181 27,645 30.622 35.553 37,706 39.513 41,268 44.843 46,360 46.385 47.166 48.762 

All high-technology 



manufacturing industries .... 


16,257 


16,064 


17,789 


18,032 


19,916 


23,303 


25,709 


27.529 


28.900 


31,533 


32,843 


32.642 


34,151 


36,012 


Chemicals and allied products 






























(blO 2o} 


3,790 


3,745 


4,144 


4.362 


4,500 


4,974 


5,540 


6,226 


6.591 


7.238 


7.563 


7.700 


7,937 


8,283 


Macninery ({nciuaing 






























computers) (SIC 35) 


3,495 


3,781 


4,583 


4,685 


5,402 


6,129 


6,518 


6,977 


6,984 


7,34b 


8,397 


8,109 


9,171 


10.17? 


electrical equipment (SiC 36) 


4,778 


4,975 


5,011 


4,885 


5,180 


6,336 


6.821 


7,048 


8,34': 


9,039 


9,034 


9.181 


9,416 


9.454 


Aircraft and missiles (SIC 372, 






























ofo) 


2,oo6 


2,104 


2,368 


2,248 


2,524 


2,998 


3.661 


3,882 


3,320 


3,531 


3,778 


3,635 


3,597 


3.826 


rroTesstonai and scientific 
































1,309 


4 il CO 

1,458 


4 0O A 

1.683 


1,852 


2,31 C 


2,865 


3,169 


3,396 


3,664 


3.880 


4,070 


4,017 


4,028 


4.272 


II Other manufacturing 






























indus^tries 


7.673 


8.152 


8.827 


8,866 


9,734 


11,041 


10,882 


10.883 


11.244 


12,038 


12,269 


12.778 


NA 


NA 


Food, kindred, and tobacco 






























products (SIC 20, 21) 


528 


555 


550 


NA 


NA 


NA 


677 


762 


738 


929 


897 


951 


NA 


NA 


Textiles and apparel (SIC 22, 






























23) 


NA 


131 


NA 


NA 


NA 


NA 


123 


124 


120 


129 


137 


138 


NA 


NA 


Lumber, wood products, and 






























furniture (SIC 24, 25) 


124 


NA 


NA 


168 


174 


173 


171 


162 


163 


168 


155 


154 


NA 


NA 


Paper and allied products 






























(SIC 26) 


NA 


NA 


NA 


NA 


NA 


577 


602 


626 


649 


744 


774 


779 


NA 


NA 


Petroleum refining (SIC .'29) . . 


1.173 


977 


1,117 


1.134 


1,300 


1,634 


1,894 


1,981 


1.955 


2.021 


1,894 


1.639 


NA 


NA 


Rubber products (SIC 30) ... 


488 


549 


NA 


NA 


NA 


NA 


636 


665 


715 


821 


722 


681 


NA 


NA 


Stone, clay, and glass 






























products (SIC 32) 


371 


361 


NA 


NA 


NA 


423 


437 


414 


434 


442 


440 


423 


NA 


NA 


Primary metals (SIC 33) 


631 


668 


649 


763 


688 


693 


747 


721 


695 


664 


679 


710 


NA 


NA 


Fabricated metal products 






























(SIC 34) 


478 


523 


554 


511 


482 


584 


580 


510 


522 


607 


527 


477 


NA 


NA 


fUtotorvehicles(SIC371) .... 


3.0412 


3.573 


3,894 


3,797 


4,682 


5,016 


4,490 


4,329 


4,594 


5.025 


5,595 


6.366 


6.088 


6,049 


Other transportation 






























equipment (SIC 373 '5, 379) 


NA 


62 


74 


NA 


NA 


103 


85 


96 


154 


142 


124 


120 


NA 


NA 


Other manufacturing industries 


NA 


NA 


NA 


336 


368 


395 


437 


493 


505 


346 


325 


334 


NA 


NA 


onmanufacturing industries . . . 


535 


596 


565 


747 


972 


1,210 


1,115 


1,101 


1,124 


1,272 


1,247 


965 


NA 


NA 



NA » Not available. 

^GNP implicit price deflators useci lo convert current dollars to constant 1982 dollars. See appendix table 4*1 . 

^Includes other transportation equipment, for 1 970. 

Note: Detail may not ado to total because of rounding. 

SOURCe: NSF, Posearch and Developmi^i}! In Industry (annual series). 

See text table 0-1. 
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Appendix table 6-6. U.S. patents granted, by nationality of Inventor: 1970«88 



By date of grant By date of application 



'"ventors from Inventors from 





All 1 1 Q 
nil U.w. 


1 InitoH 


All nther 
oil uiMor 




wesi 




uniteu 


uiner 


All II C 
Mil U<0< 


untieo 


All Mtfr^Or 

All oiner 




wesi 




united 


other 





paloMIS 




cuuniries 


la nan 
vapan 




r ranee 


fsinguom 


counines 


pa 16 n IS 


diaies 


counines 


Japan 


uermany 


Fra^ice 


rvingoom 


countrie 


1970 . . . 


64,429 


47,077 


17,352 


2,625 


4,435 


1,731 


2,954 


8,561 


65,944 


45.852 


20,092 


4,370 


5,029 


1,854 


2,726 


6,113 


|!7f 1 • • • 


7fl Q1 7 






A noQ 


c coo 


O 04 A 

2,214 


3,464 


1 0.060 


66,390 


45.964 


20,774 


4,756 


4,996 


2,021 


2,580 


6,421 


1 079 


7A Oi n 




CO, COD 


C i Ci 

0, 101 


e 70Q 


o ooa 
2,229 


3,1 67 


lU. 1 f I 


63,360 


Afi A OJl 

42.434 


20,926 


A COO 

4,588 


5,048 


2,113 


2,668 


6,509 


1 9r O • • • 


7A 1 IQ 


01 ,ouu 


00 tsA'X 


A QQQ 


0,00r 


0 1 AQ 


c,099 


3.974 


6o,2o6 


Afi *700 

42.736 


00 CA 0 

23,948 


C OCA 

9,864 


e *9A e 

5,745 


2,213 


2,780 


6,946 


1974... 


. 76,278 


50,641 


25,637 


5,892 


6,153 


2,569 


3,146 


11,023 


66,411 


41,855 


24,556 


6,327 


5,856 


2,225 


2,885 


7,263 


1975... 


. 72,000 


46,715 


25,285 


6,352 


6,036 


?,367 


3,043 


10.530 


65,857 


42,235 


23,622 


6,075 


5,460 


2,151 


2,668 


7,268 


1976... 


. 70,226 


44,280 


25,946 


6,543 


6,180 


2,408 


2,995 


10,815 


65,781 


41 ,623 


24,158 


6,578 


5,571 


2,128 


2,619 


7.261 


1977... 


. 65,269 


41,485 


23,784 


6,217 


5,537 


2,108 


2.654 


9,922 


65,942 


40,816 


25,126 


7,078 


5,968 


2,099 


2,634 


7,346 


1978... 


. 66,102 


41,254 


24,848 


6,911 


5,850 


2,119 


2,722 


9,968 


65,581 


39,628 


25,952 


7,477 


6,190 


2,273 


2,522 


7,491 


1979... 


. 48,854 


30,079 


18,775 


5,251 


4,527 


1.604 


1,910 


7.393 


65.688 


38,970 


26.717 


8,416 


6,137 


2,226 


2,497 


7,442 


1980... 


. 61.819 


37,356 


24,463 


7.124 


5,747 


2,088 


2,406 


9,504 


66,428 


38,907 


27.520 


9,555 


6,178 


2,302 


2,368 


7,118 


1981 . .. 


. 65,771 


39,223 


26,5^8 


8,383 


6,252 


2,181 


2,475 


9.727 


63,760 


36,738 


27,022 


10,003 


6,052 


2,075 


2,190 


6,702 


1982.. . 


. 57,888 


33,896 


23,992 


8,149 


5,408 


1,975 


2,134 


8,460 


64,772 


36,424 


28,346 


11,291 


5,977 


2,126 


2,201 


6,750 


1983... 


. 56,860 


32,871 


23,989 


8,793 


5,423 


1,895 


1,931 


7.871 


61,329 


34,382 


26,942 


10,740 


5,466 


2,077 


2,136 


6,524 


1984. .. 


. 67,200 


38,365 


2?.835 


11.110 


6,255 


2,162 


2,271 


9.308 


66,908 


36,159 


30,733 


12,398 


6,261 


2,245 


2,366 


7,464 


1985... 


. 71,661 


39,554 


32,107 


12,746 


6,665 


2,400 


2,495 


10.296 


72,275 


37,997 


34,263 


14,629 


6,888 


2,406 


2,432 


7,908 


1986... 


. 70,860 


38,124 


32,736 


13,209 


6,803 


2,369 


2,409 


10,355 


75.679 


38,957 


36,723 


15,628 


7,017 


2,592 


2,513 


8,972 


1987... 


. 82,952 


43.517 


39,435 


16,557 


7,821 


2,874 


2,779 


12,183 


79.074 


40,639 


38,435 


16,734 


7,106 


2,561 


2,652 


9,382 


1988... 


. 77,924 


40,496 


37.428 


16,158 


7,307 


2,661 


2.583 


11,302 


86,409 


44,730 


41,680 


19,356 


7,221 


2.871 


2,592 


9,640 



Note: Estimates are made for 1981-88 for patenting by year of application. 

SOURCES: U,S, Department of Commerce, Patent and Trademark Office, Office of Technology Assessment and Forecast (OTAF) , Special Report: A Profile of U,S, Patent Activity 978); OTAF, Indicators of Patent Output 
of as. Industry, y555-79{June 1980); OTAF, Indicators of Patent Output of US, Industry, 1963-81 (June 1982); OTAF, Patenting Trendsin the United States, 1963'd${tAay 1986); U,S. Department of Commerce, Patent 
and Trademark Office, Patenting Trends In the United States, 1963-88 (Juiy 1 989), 

See figures 6-4 and 6>5 and 0-18 in Overview. 
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Appendix table 6-7. Patent classes most and least emphasized by U.S. 
corporations patenting In the United States: 1978 and 198B 



1978 1986 
Class activity activity 
Class dumber index index 



Most emphasized classes 



1 Min6rsl qIIq' nrorf^^^A^ And orodurtQ 




1 M 


0 n'5 




1 Aft 


1 77 

\»f f 


1 OA 


o. viiwiTiiouyi andiyiiuQi dnu irnrnunoioyiCcii iwSiing 


40D 


i AA 


1 .40 


d ChAmi^trv* molArulsr hlolonw And mlrrAhiolnnu 

*T< lOi 1 11911 jfi IMWIOwUiai WIWIUM/ QllU 1 1 iiwiuuiwiuyv 




n 07 


1 A7 


S Catalvst solid sorbsnt or ^uoDort thAr^fnr nrndurtnr 








nrn^Acc nf msiWlnn 


0\Jc 


1 AA 


i AA 
1 .40 


sj» ciiui uciit3uuuii/uwii9wiiui 1 ciiiti lauii uciQuiiun/iGwUVvry 


Of 1 


1 AA 


i An 
1 »4U 


7 Sfin^lconductor dAv'lrfi n^anufArturinn* nrAppQc 


HO f 


1 .00 


1 An 


fi Part nf tho nlacus S9n CfirioQ^^Gunthotio rocinc nr natural 
w< nail UI mo WI099 dBiiod^^oyiiiMouu fodiiid ui nalUial 








ruhhArs 

1 UWUOl s 


Oel 


1 9Q 
1 .ej 


1 An 


9i OiaSo rrianuiauiunny 


UOD 


1. ID 


1 .00 


in Plo^tri^al /^nnnor^tnrfi 

lU. CiUuirivai connowiOro 




i AA 
1.00 


1 .37 


11. Amplifiers 


330 


1.03 


1.36 


1 2. Pulse or digital communications 


375 


1.13 


1.36 


13. Multiplex communications 


370 


0.91 


1.33 


14. Surgery 


604 


1.15 


1.33 


15. Electrical computers and data processing systems 


364 


1.35 


1.32 


16. Part of the class 520 series— synthetic resins or natural 








rubbers 


525 


1.33 


1.32 


17. Drug, bioaffecting and body treating compositions 


424 


1.17 


1.31 


18. Pood or edible material: processes, compositions, and 








products 


426 


1.18 


1.30 


19. Part of the class 520 series— synthetic resins or natural 








rubbers 


528 


1.28 


1.29 


20. Compositions 


252 


1.33 


1.29 










1 PiQhInn tranntnn and wormin Hoctrnuinn 
1. ri9iniiy, irap|jiiiy, anu vcrmiii Uvbiruyiny 




n QA 
u.oo 




9 Motor i/Ahirloc 
c iviulur vuiiiuicb 


iAn 


n OA 


n oc 
U.OO 


3 AmufiAmAnt dAi/lnAQ nAmAQ 

W. r\IIIU90IIIQIIl UOVIwv9t yaiii09 


CfO 


n AA 


n QQ 


A DunAmlr infnrmAtInn ctoranA or rAtriAwaJ 
*t. wyiiaiiiiw 11 iiUMiiaiiui 1 diuia^o ui roiiiovai 




n AQ 


n AQ 

U.40 


^ PhotonrAnhii 
^. n 1 iUiuyici|ji ly 




n AO 


n Ai 


6 IntArnal nnmhiiQtinn AnnlnAS 

V. II IIQI MGII wWlilUU9U'WII QII^IIIQ9 


1 CO 


n ^A 


n AA 


7 Land vehiclAs 








8 Shins 


11A 

1 i*f 


n A7 


n AA 

U.OD 


d AmuSAmAnt and AyArclstnn HAviirp^ 

9* r^l 1 IU9QI 1 IQI II dl lU wAd WI9II 1^ <J WlwC9 


97P 


n '^A 
u.oo 


n AA 
u.oo 


10. Dynamic magnetic Information storage or retrieval 


360 


0.89 


0.57 


1 1 . Typewriting machines 


400 


1.20 


0.60 


12. Winding and reeling 


242 


0.78 


0.61 


13. Machine elements and mechanisms 


074 


0.92 


0.64 


14. Geometrical instruments 


033 


0.59 


0.64 


15. Photocopying 


355 


0.97 


0.66 


16. Tools 


OBI 


0.79 


0.67 


17. Chairs and seats 


297 


0.88 


0.67 


18. Dentistry 


433 


0.76 


0.69 


19. Radiation imagery chemistry— process, composition, or 








product 


430 


1.11 


0.72 


20. Plastic article or earthenware shaping or treating: 








apparatus 


425 


0.92 


0.73 



Notes: The activity index is the percent of the patents in a class that are granted to U.S. inventors and owned by U.S. 
corporations, divided by the percent of all patents that have U.S. Inventors and U.S. corporate owners In that year. 
Listing is limited to U.S. patent office classes that received at least 200 patents, from all countries, in 1966. 

SOURCG; U.S. Patent and Trademark Office. Office of Documentation Information, Countfy Activity index Data/Cor- 
porate Patents, report prepared for NSF (July 1969). 

See text table 6-2. 
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Appendix table 6>8. Patent classes most and least emphaniTed by Japanese 
inventors patenting In the United States: 1976 and 1988 







1978 


1988 


Class 


Class 


activ/itv 


clwUVIiy 


number 


inrjoy 


inriny 

11 lUw A 


Most emphasized classes 








1. Photocopying 


3b5 


2.60 


3.23 


2. Dynamic information storage or retrieval 


369 


3.40 


3.14 


3. Dynamic rTidgnetic information storage or retrieval 


360 


3.28 


3.08 


4. Photography 


354 


4.33 


3.07 


5. Radiation imagery chemistry^-process, composition, or 








product 


430 


2.93 


2.C.'. 


6. Recorders 


346 


1.76 


2.62 


7. Typewriting machines 


400 


1.17 


2.46 


8. Static information storage ano retrieval 


365 


1.41 


2.46 


9. Pictorial communication; television 


358 


2.24 


2.43 


10. f\/1otor vehicles 


180 


0.95 


2.34 


1 1 . Internal combustion engines 


123 


3.09 


2.?9 


Aciive soiiO'Siaie aevices e.g., transistors, solid-state 








diodes 


09 r 


O i Q 
e.i 0 


1.9U 


13. Machine elements and mechanisms 




1 .0 r 


1 .00 


14» Clutches and powe^r^stop control 




1 01 


1 77 


15. Electricity, motive power systems 


318 


1 73 

1 i f lii 


1 7*^ 


16. Electrical generator or motor structure 


310 


1 79 




17. Registers 




1 Af> 
1 •*rw 


1 .DO 


18» Optics, systems and elements 




1 M 


1 M 


19. Stock material or miscellaneous articles 




1 tOO 


1 AO 


20. Metal treatment 


148 


c<v*t 




Least emphasized classes 








1. Aeronautics 


244 


0.04 


0.05 


2. Wells 


166 


0.00 


0.07 


3. Ammunition and explosives 


102 


0.14 


0.07 


4. Prothesis (i.e., artificial body members), parts thereof or 








aids and accessories therefor 


623 


0.00 


0.09 


5. Bottles and jars 


21 C 


0.43 


0.09 


6. Amusement and exercising devices 


272 


0.08 


0.15 


7. Fishing, trapping, and vermin destroying 


043 


0.64 


0.15 


8. Static structures, e.g., buildings 


052 


0.33 


0.21 


9. Surgery 


604 


0.14 


0.21 


10. Beds 


005 


0.05 


0.23 


1 1 . vaeomeiricai insirumenis 


033 


0.50 


0.24 


12. Tools 


081 


0.08 


0.25 


13. Hydraulic and earth engineering 


405 


0.77 


0.28 


14. Stoves and furnaces 


126 


0.17 


0.29 


15. Mineral oils: processes and products 


208 


0.23 


0.31 


16. Cleaning and liquid contact with solids 


134 


0.62 


0.31 


17. Special receptacle or package 


206 


0.26 


0.34 


18. Induced nuclear reaction, systems and elements 


376 


0.59 


0.34 


19. Receptacles 


220 


0.46 


0.35 


20. Dispensing 


222 


0.39 


0.37 



Notes: The activity Index Is the percent of the patents in a class that are granted to Japanese Inventors* divided by the 
percent of all patents that have Japanese inventors In that year. Listing is limited to U.S, patent office classes that 
received at least 200 patents, from aii countries, in 1 98fl. 

SOURCE; U.S. Patent and Trademark Office^ Office of Documentation Information* Country Activity Indox Data, report 
prepared for NSF (June 1 989). 

See text ^ ble 6-3. 
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Appendix table 6*9. Patent classes most and least emphasized by West German 
Inventors patenting in tlie United States: 1978 and 1988 







lyf o 










ocuviiy 




numoor 


inQex 


Index 


Most emphasized classes 








1. Printing 


101 


1.79 


2.55 


2. Chemistry, fertilizers 


071 


1.11 


2.37 


3. Part of the class 532*570 serias-^organlc compounds 


546 


1.32 


2.31 


4. Ammuniion QnQ expioiives 




\ fin 


0 07 

c.cr 


5. Part of tlie class 532*570 series*-organlc compounds 


566 


1.53 


2.05 


6. Part of the class 532-570 series— organic compounds 


560 


1.39 


1.96 


7. Solid material comminution or disintegration 


241 


1.87 


1.87 


6. Plastic article or earthenware shaping or treating: 








apparatus 


425 


1.79 


1.85 


9. Part of the class 520 series-synthetic resins or natural 








rubbers 


526 


1.82 


1.84 


10. Brakes 


166 


1.81 


1.83 


Least emphasized classes 








1. Fishing, trapping, and vermin destroying 


043 


0.14 


0.00 


2. Wells 


166 


0.07 


0.12 


3. Amusement and exercising devices 


272 


0.19 


0.16 


4. Mineral oils: processes and products 


208 


0.27 


0.17 


5. Amusement devices, games 


273 


0.05 


0.19 


6. Beds 


005 


0.41 


0.20 


7. Photocopying 


355 


1.02 


0.23 


6. Recorders 


346 


1.30 


0.25 


9« Communications, radio wave antennas 


343 


0.14 


0.26 


10. Photography 


354 


1.71 


0.31 



Notes: The activity index Is the percent of the patents in a class that are granted to V\/est German Inventors, divided by 
the percent of all patents that have West German Inventors In that year. Listing is limited to U.S. patent office classes 
that received at least 200 patents, from at! countries, in 1988. 

SOURCE: U.S. Patent and Trademark Oflice, Office of Documentation Information. Country Activity Index Data, report 
prepared for NSF (June 1 989). 
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Appendix table 6-10. Patent classes most and least emphasized by French 
Inventors patenting In the United States: 1978 and 1988 



1978 1988 





Class 


activity 


activity 


Class 


number 


index 


index 


Most emphasized classes 








1. Induced nuclear reactions, systems, and elements 


376 


2.89 


4 65 




192 


1.10 


2.36 




102 


0.66 


2.32 




375 


2.04 


2.25 




415 


0.57 


2.21 




188 


2.41 


2.12 




285 


0.67 


2.12 


8. Part of the class 532-570 series— organic compounds . . 


560 


0.51 


2.10 




244 


1.87 


1.93 




361 


0.69 


1.90 


Least emphasized classes 










272 


0.00 


O.OO 




355 


0.32 


0.05 




071 


0.48 


0.09 




005 


0.16 


0.14 


5. Radiation imagery chemistry— process, composition, or 




430 


0.17 


0.22 




043 


0.20 


0.22 




051 


0.62 


0.22 




296 


0.17 


C,23 




354 


0.19 


0.23 




033 


0.50 


0.25 



Notes: The activity Index Is the percent of the patents In a class that are granted to French Inventors, divided by the 
percent of all patents that have French inventors In that year. Listing Is limited to U.S. patent office classes that receiveo 
at least 200 patents, from all courlr es. in 1 988. 

SOURCE: U.S. Patent and Trademark Office. Office of Documentation Information, Country Activity Index Data^ report 
prepared for NSP (June 1989), 
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Appendix table 6-11. Patent classes most and least emphasized by British 
Inventors patenting In the United States: 1978 and 1988 







1976 


1988 


Class 


Class 


activity 


activitv 


number 


index 


jnrioy 


Most emphasized classes 








1. Brakes 


188 


2.36 


3.14 


2. Glass manufacturing 


065 


2.31 


2.27 


3. Drug, bloaffecUng and body treating compositions 


514 


2.14 


2.20 


4. Hydraulic and earth enginee^rlng 


405 


2.22 


2.08 


5. Multiplex communications 


370 


0.49 


1.98 


6. Compositions 


252 


1.45 


1.86 


7. Drug, bloaffecting and body treating compositions 


424 


1.98 


1.85 


8. Part of the class 532-570 series-organic compounds 


568 


0.93 


1.85 


9. Power plants 


060 


1.14 


1.80 


10. Aeronautics 


244 


1.12 


1.77 


Least emphasized classes 








1. Electrical audio signal processing and systems, and 








devices 


381 


1.66 


0.00 


2. Dynamic information storage or retrievai 


369 


0.73 


0.20 


3. Fishing, trapping, and vermin destroying 


043 


0.00 


0.23 


4. Mineral oils; processes and products 


208 


0.50 


0.24 


5. Dentistry 


433 


0.27 


0.28 


6. Tools 


081 


0.82 


0.28 


7. Illumination 


362 


0.88 


0.32 


8. Photography 


354 


0.25 


0.32 


9. Recorders 


346 


0.28 


0.36 


10. Electrical transmission or Interconnection systems 


307 


0.80 


0.37 



Notes: The activity index Is the percent of the patents in a class that are granted to British inventors, divided by the 
percent of all patents that have British inventors In that year. Listing Is limited to U.S. patent office ctasses that received 
at loast 200 patents, from all countries, in 1986. 

SOURCE: U.S. Patent and Trademark Office, Office of Documentation Information, Country Activity Index Data, report 
prepared for NSF (June 1 989). 
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Appendix table 6-12. N..ticnal shares of patents granted In the U.S., by country of residence of Inventor, product field, nd 

year of grant: 1978 and 1988 



Product field 



All United West United other 

countries States Japan Germany France Kingdom Canada Switzerland countries 



All technologies' 66.102 

Food and kindred products 436 

Textile mill products 486 

Chemicals, except drugs & medicines ''^63 

Drugs & medicines . ,^89 

Petroleum & natural gas extraction & refining 872 

Rubber & miscellaneous plastic products . . . 3,064 

Stone, clay, glass, & concrete products 1 ,393 

Primary metals 725 

Fabricated metal products 5,637 

Machinery, except electrical (excl. office, 

computing, & accounting machines) 1 3,500 

Office, computing, & accounting machines . . 1 ,456 
Electrical & electronic machinery, except 

communication equipment 4,701 

Communication equipment & electronic 

components 6,593 

Motor vehicles and other transportation 

equipment, except aircraft 2,540 

Aircraft & parts 683 

Professional & scientific instruments 7,249 

All technologies' 77,924 

Food and kindred products 567 

Textile mill products 498 

Chemicals, except drugs & medicines 8,315 

Drugs & medicines 1,750 

Petroleum & natural gas extraction & refining 786 

Rubber & miscellaneous plastic products . . . 3,247 

Stone, clay, glass, & concrete products 1 ,473 

Primary metals 775 

Fabricated metal products 5,989 

Machinery, except electrical (excl. office, 

computing, & accounting machines) 1 4,333 

Office, computing, & accounting machines . . 2,826 
Electrical & electronic machinery, except 

communication equipment 5,651 

Communication equipment & electronic 

components 10,670 

Motor vehicles and other trar «;portation 

equipment, except aircraft 3,159 

Aircraft & parts 888 

Professional & scientific instruments 10,591 



1978 



62.4 
64.0 
56.0 
59.2 
52.3 
84.3 
64.3 
58.4 
50.2 
69.6 

58.7 
64.1 



10.5 

9.6 
10.7 

9.9 
10.9 

2.3 
10.9 
12.2 
14.6 

5.7 

8.9 
15.4 



61.8 10.9 

63.9 14.5 



62.8 
54.5 
61.3 



11.0 
18.6 
15.3 



8.6 
5.0 
11.9 
11.6 
10.6 
2.6 
9.4 
8.4 
9.0 
7.1 

10.8 
6.3 



Percent 
3.2 
2.3 
2.5 

3,; 

6.0 
2.1 
3.1 
4.0 
4.1 
3.k 

3.1 
3.0 



9.3 3.5 
5.6 3.7 



10.1 
11.0 
7.9 



3.0 
4.0 
2.5 



4.1 


1.9 


2.0 


7.1 


5.3 


2.5 


4.1 


7 1 


6.8 


1.4 


4.5 


6.2 


S.0 


1.1 


3.0 


6.5 


7.4 


1.4 


4.0 


7.5 


2.2 


3.0 


0.3 


3.2 


4.1 


1.S 


1.2 


5.5 


6.0 


1.7 


1.1 


8.1 


2.8 


4.0 


2.5 


12.8 


3.4 


2.6 


1.5 


6.6 


4.1 


2.2 


2.3 


9.9 


3.2 


0.8 


2.1 


5.2 


4.9 


1.7 


1.8 


6.1 


3.7 


1.8 


1.3 


5.5 


4.5 


1.9 


1.2 


5.6 


6.0 


0.9 


0.6 


4.5 


3.6 


1.2 


2.1 


6.0 



1988 



Percent 



52.0 


20.7 


9.4 


3.4 


3.3 


1.9 


1.6 


7.7 


60.1 


12.7 


5.6 


3.0 


3,0 


3.2 


3.4 


9.0 


47.8 


26.1 


9.8 


4.0 


4.0 


1.2 


3.0 


4.0 


50.9 


16.5 


13.6 


4.0 


4.0 


1.1 


2.8 


7.2 


53.4 


14.3 


8.0 


4.3 


4.3 


1.2 


2.9 


11.6 


74.2 


10.6 


3.3 


3.7 


3.7 


2.3 


0.6 


1.7 


53.4 


20.5 


9.9 


2.9 


2.9 


1.8 


1.4 


7.2 


51.0 


22.1 


9.2 


4.3 


4.3 


1.2 


1.0 


6.9 


48.5 


22.2 


9.4 


4.3 


4.3 


2.1 


1.5 


7.7 


60.1 


11.8 


8.7 


3.6 


3.6 


2.4 


1.4 


8.4 


48.6 


16.2 


13.2 


3.3 


3.3 


2.4 


2.1 


10.8 


44.5 


39.7 


5.0 


2.1 


2.1 


1.1 


1.1 


4.5 


50.8 


22.1 


10.1 


3.7 


3.7 


1.6 


1.4 


6.7 


48.3 


30.4 


6.3 


3.8 


3.8 


1.5 


0.8 


5.0 


43.3 


25.8 


12.6 


3.7 


3.7 


2.1 


0.9 


8.0 


41.0 


29.6 


13.4 


4.6 


4.6 


0.8 


1.0 


5.0 


52.2 


25.1 


7.1 


2.9 


3.5 


1.7 


1.4 


6.0 


Is somiiwhst greater than the sum of the patents allocated to different product fields because 


some 



patents are not allocated to product fluids. 
SOURCES; U.S. Department of Commerce. Patent and Trademark Office. Patenting Trends in the United States, 1963-1988 (June 1989): and unpublished data. 
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Appendix table 6-13. Businesses active In high technology, by Industry 



Ratio of Percentage 
Total Small Large small firms Total of companies 

Industry firms^ firms^ firms^ to total companies* in each field 







Number- 




Percent 


Number 


Percent 




1,661 


1.566 


95 


94 


2,950 


7 




438 


414 


24 


95 


717 


2 




430 


382 


48 


89 


970 


2 






1.896 


137 


93 


3.108 


8 




101 


85 


16 


84 


394 


1 




578 


509 


69 


88 


1,256 


3 




482 


454 


28 


94 


847 


2 




720 


636 


84 


88 


1,728 


4 




832 


788 


44 


95 


1,385 


3 




192 


178 


14 


93 


439 


1 




896 


867 


29 


97 


1,518 


4 




4,964 


4.755 


209 


96 


7,192 


17 




. . 5.971 


5,844 


127 


98 


7.194 


17 


Subr.ssemblies and 
















.. 1,956 


1,794 


162 


92 


3,939 


10 


Tests & measurement . . 


. . 1,579 


1,508 


71 


96 


2,427 


6 




1.174 


1,094 


80 


93 


2,089 


5 


Transportation 


262 


225 


37 


86 


837 


2 


Holding companies 


. . 2,080 


1.117 


963 


54 


2.280 


6 


Total 


. . 26,349 


24,112 


2,237 


92 


41,270 


100 



^ Independent business comprised of one or more establishments. 

^Independent business with fewer than 500 employees. 

^Independent business with 500 or more employees. 

^All establishments in data base whether independent or part of a larger business. 

Note: Because some companies reported activity in more than one high-technology industry, the total number of companies 
reporting activity In these product groups Is greater than the number of companies in the database. 

SOURCE: Derived from the CorpTech data base, Corporate Technology Information Services. Inc., Wellesley Hills. MA (Rev 
3.3. March 1989). 
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Appendix table 6*14. Locations of businesses active In high 
technology, by state 





Tntot 


Small 


Large 


1 oiai 


1 Mall imIpi < 

inQUSiry 


Tirms 


firms* 


firms' 


companias 






Number 







4,079 


3,864 


215 


6,040 




1,603 


1,512 


91 


2,428 




1,349 


1,204 


145 


2,183 




944 


877 


67 


1,703 




965 


893 


72 


1,487 


Pennsylvania 


760 


662 


98 


1,330 


Illinois 


789 


684 


105 


1,324 




786 


718 


68 


1,196 




578 


499 


79 


1,111 




6,456 


6,005 


451 


11,219 




1 R 


16,918 


1,391 








Percent — 








23 


15 


20 




9 


9 


7 


8 




7 


7 


10 


7 




5 


5 


5 


6 






5 


5 


5 






4 


7 




Illinois 


4 


4 


8 






4 


4 


5 






3 


3 


6 






35 


35 


32 


37 


Total 


100 


100 


100 


1C0 



independent businesses comprised ot one or more establistiments. 
^independent businesses with fewer than 500 employees, 
^Independent businesses with SCO or more employees. 

^Allestabllshmentsln data base whether independ6ntorpartofatargerbu8iness.SOLIRCE: Derived 
from the CorpTech data base, Corporate Technology Information Services, Ino.t Wellesley H:ils. 
MA (Rev 3.3, March 1989). 

See figure 6*6. 
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Appendix table 6-15. Revenues of companies active in liigh-tech 
fields, operating in the U.S.: 1989 



Number of 

Revenue companies Percentage of total 



Under $1 million 6,191 24 

$1 -2.5 million 4,622 18 

$2.5 -5 million 3,313 13 

$5 -10 million 2,945 11 

$10-25mlllion 3,028 12 

$25 -50 million 1,604 6 

$50 -100 million 1.033 4 

$100 -250 million 962 4 

$250 - 500 million 523 2 

over $500 million 1,822 7 

Total 26,043 100 



Note: Not alt companies in the CorpTech data base reported revenues. 

SOURCE: Derived from the CorpTech data base, Corporate Technology Information Services, Inc., 
Wellesley Hills, MA (Rev 3.3« March 1989). 
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Appendix table 6*16. OwnerehiD of companies active In 
high-tech fields operating in the U.S., by country of 
ownership: March 1989 



All 

high-tech Biotechnology 
Country companies companies 



Number — 

United States 27,709 635 

Foreign-owned 2,312 82 

United Kingdom 736 19 

Japan 480 12 

West Germany 471 15 

France 209 2 

Canada 185 1 

Switzerland 172 6 

The Netherlands 132 8 

Sweden 112 3 

East Asian NICs^ 40 1 

Total 30,021 717 



— Percent 

United States 92 89 

Foreign-owned 8 11 

United Kingdom 2 3 

Japan 2 2 

West Germany 2 2 

France 1 (2) 

Canada 1 (2) 

Switzerland , 1 1 

The Netherlands 1 

Sweden (2) (2) 

East Asian NICs^ (S) (2) 

Total 100 100 



^East Asian newly industriatlzed countries include Hong Kong, Singapore, South 
Korea, and Singapore. The one biotechnology company is owned by South Korea. 

^Lessthan 0.05 percent. 

SOURCE: Derived from the CorpTech data base, Corporate Technology informa* 
tlon Services, Inc., Wellesley Hills, MA (Rev 3.3. March 1989). 
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Appendix table 6-17. New formations and closures of small hlgh«tech establishments during 1981-86 



New formations Closures Net gain (lo?s) 



Industrv 

II IwUm II / 


csiau- 




cstao- 




Estab- 




Formation/ 




ifsnrTicnis 


employees 


iisnments 


Employees 


lishments 


Employees 


Closure ratio 






— 














iU 










— Number — 










High-technology manufacturing industries^ . . 


15,727 


258,043 


9,404 


162,214 


6,323 


95,829 


1.7 


M; 




28 


610 


12 


176 


16 


434 


2.3 




Communications equipment & electronic 
















6,569 


115,703 


4,003 


75,574 


2,566 


40,129 


1.6 


>V 




665 


9,732 


400 


9,694 


265 


38 


1.7 




Office, computing, & accounting machines 


2 003 


41 137 


1 ou 




I ,Ci 0 


cf,om 


2.7 


> ■ "." ■ 




800 


11,422 


533 


8,743 


267 


2.679 


1.5 






129 


1,998 


112 


2,179 


17 


(181) 


1.2 






4.676 


60,751 


2,940 


40,269 


1.736 


20,482 


1.6 






251 


3,681 


170 


2,822 


-1 


859 


1.5 






209 


3,681 


121 


1,525 


88 


2,156 


1.7 




Plastic materials & synthetics 


397 


9,328 


363 


7,979 


14 


1,349 


1.0 


■■vi' 


Technology«related service industries^ 


42,600 


342,813 


19,294 


159,119 


23,306 


183,694 


2.2 




Computer & data processing services 


21,925 


176,237 


6,238 


60.513 


15,687 


115,724 


3.5 




Engineering, architectural, & surveying 




















19,866 


157,246 


12,372 


88,772 


7,494 


68,474 


1.6 




Noncommercial educational, scientific, and 




















809 


9,330 


684 


S,834 


125 


(504) 


1.2 




All technology-related industries 


58,327 


600,856 


26,698 


321,333 


20,629 


279,523 


2.0 




All other small businesses 


1,965,755 


13,724,805 


1,627,051 


10,887,430 


336,704 


2.837,375 


1.2 


■' I -J- 




2,024,082 


14,325,661 


1,655749 


11,208,763 


366,333 


3.116,893 


1.2 





industries whose products meet the DOC-3 criteria for high-technology products. See U.S. Department o\ Commerce, International Trade Administration, An Assessmentot 
U.S. CompetitivBnBss in High Technology Industries (Washington, DC: Government Printing Office, 1933). 

^Sen/Ice industries identified by the Small Business Administration as high technology, but excluding "business services. N.E.C" and "service Industries, N.E.C." ^ 

Note: A small business establishment Is defined as an independent company that has less than 500 employees or a company that is part of a larger enterprise that has lesa ^■ 
than 500 employees. 

SOURCE: U.S. Small Business Administration, Office of Advocacy, special tabulations. 

See figure 6-7. ^ 
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Appendix table 6-18. Employment In high-tech Industries, by size of business and Industry: 1980-86 



Small Distribution of 

est'tDlishments' employment 

share of total by high-tech 

Small business Large business high-tech small business 

establishments^ establishments^ employment establishment 

1980 1986 1980 1986 1980 1986 1980 1986 

Percent 

High-tech manufacturing industries^ 601,586 739,422 2,976,980 3.624,605 16.8 16.9 52.5 48.6 

Guided missiles and spacecraft 1,004 1,612 88,829 132,203 1.1 1.2 0.1 0.1 

Communications equipment and electronic components . 266,521 320,128 962,250 1,204,653 21.7 21.0 23.3 21.0 

Aircraft and parts 44,558 50,941 507,756 570,547 8.1 8.2 3.9 3.3 

Office, computing, and accounting machines 50,018 83,911 347,552 566,389 12.6 12.9 4.4 5.5 

Drugs and medicines 31,362 35,010 196,572 202,795 13.8 14.7 2.7 2.3 

Industrial inorganic chemicals 7,084 5,703 54,399 55,309 11.5 9.3 0.6 0.4 

Professional and scientific instruments 160,667 197,651 381.459 508,174 29.6 28.0 14.0 13.0 

Ordnance and accessories 8,206 9,892 50.452 67,740 

Engines and turbines 6,066 7.222 171.696 139,063 3.4 4.9 0.5 0.5 

Plastic materials and synthetics 26, 1 00 27,352 21 6,01 5 1 77.732 1 0.8 1 3.3 2.3 1 .8 

Technology-related service industries* 544,109 781,527 466,090 743,053 53.9 51.3 47.5 51.4 

Computer and data processing services 150,379 294,780 161,826 401,900 49.8 42.3 13.1 19.4 

Engineering, architectural, and surveying services 357,983 451,486 261.645 279,780 57.8 61.7 31.2 29.7 

Noncommercial educational, scientific, and research 

organizations 35.747 35,261 52,619 61.373 40.5 36.5 3.1 2.3 

All technology-related industries 1.145,695 1.520,949 3,443.070 4,367.658 25.0 25.8 100.0 100.0 

independent company with less than 500 employees or a company that Is part of a larger enterprise that has less ihan 500 employees. 
^Independent company with 500 or more employees or a company that Is part of a larger enterprise that has 500 or more employees. 

^Industries whose products meet the DOC-3 criteria for high-technology products. See U.S. Department of Commerce, International Trade Administration, An Assessment of 
U.S. Competitiveness in High Technoiogy Industries (Washington, DC: Government Printing Office, 1983). 

^Service industries Identified by the U.S. Small Business Administration as high technology, but excluding "Business services, N.E.C." and "Service industries. N.E.C." 
SOURCE: U.S. Small Business Administration, Office of Advocacy, special tabulations. 
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Appendix table 6-19. U.S. employment, by size 
of firm: 1976-86 



Firm size (number of employees) 

Less than 500 or Total 
500 greater employment 



Thousands 

1976 34.694 34.217 68,911 

1978 38,013 36,865 74,878 

1980 40,645 41,426 82,071 

1982. 41.476 41.181 82,657 

1984 43.459 41,920 85,379 

1986 45,300 45,880 91,180 



Average annual growth 



~— ' Percent 

1976-86 2.70 2.98 2.84 

1976-80 4.04 4.90 4.47 

1980-86 1.82 1.72 1.77 

1984-86 2.10 4.62 3.34 



Sr jflCE: U S. Small Business Administration. Office of Advocacy. Handbook of 
Smalt Business Data /dS5<Washington. DC). 
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Appendix table 6<20. Change In status of high-tech establishments, number of establishments leaving small business 
category, and number of employees added per establishment, by Industry: 1981-86 













Ava. Increase 






Employees 


Employees 


IncrsBse In 


Der 


Industry 


Establishments 


1980 


1986 


number 


establishment 








Number •— 


— 




High-technology manufactu'nng industries^ 


6SS 


S9,2S4 


105,452 


46,168 


70 






30 


100 


70 


70 


Communications equipment and electronic components . . . . 


296 


28,141 


53,081 


24,940 


84 






3,631 


6,428 


2,797 


93 






9,400 


1O,40U 


6,994 


69 




47 


4,476 


7,420 


2,944 


63 




24 


1,035 


908 


(127) 


•5 


Professional and scientific instruments 


117 


10,563 


15,519 


4,956 


42 


Ordnance and accessoiies 


6 


825 


1.334 




as 






20 


27 


7 


4 






1,107 


2,185 


1,0VS 


35 






30,027 


52,325 


22,298 


41 




289 


13,274 


29,016 


15,742 


54 




234 


14,794 


20,151 


5,357 


23 


Noncommercial educational, scientific, and research 
















1,959 


3,158 


1,199 


71 


All technology-related industries 


1,195 


89,31 1 


157,777 


68,466 


57 



Mndustries whose products meet the DOC-3 criteria for high-technology products. See U.S. Department of Commerce, International Trade Administration, AnA$SB:iSmentof 
U.S. Competitiveness in High Technology Industries (Washington, DC: Government Printing Office, 1983) pp. 33-37. 

^Service industries Identified by the U.S. Small Business Administration as high technology, but excluding "Business services, N.E.C." and "Service Industries. N.E.C." 

Note: A small business is defined as an Independent company that has less than 500 employees or a company that is part of a larger enterprise that has less than 500 
employees. 

SOURCE: U.S. Small Business Administration. Office of Advocacy, special tabulations. 
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Appendix table 6-21. Venture capital resources, commitmentSi 
and disbursements: 1976-87 



Disbursements 
excluding SBIC 

Net new private Total pool of straight debt lending^ 
capital committed to capital under and leveraged buyout 
venture capital firms' management financing 



Millions of dollars = 

1978 600 3,500 332 

1979 300 3,800 665 

1980 700 4,500 799 

1981 1,300 5.800 1,171 

1982 1,800 7,600 1,566 

1983 4.500 12,100 2,457 

1984 4,200 16,300 2,651 

1985 3.300 19,600 2.272 

1986 4.500 24.100 2,217 

1987 4,900 29,000 3,281 



^ Total new private capital less capital withdrawals. 

^Debt fitmncing by licensed Small Business Investment Corpora^'ons. 

Note: Data describe resources of venture capital firms reporting to Venture Economics, inc. (n 1984-65. the Venture 
Economics data base covered about 600 U.S. venture capita! firms. 

SOURCE: Venture Economics, inc.. special tabulations prepared for NSF. 

Seb figure 6-8. 
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Appendix table 6*22. Venture capital investments, by Industry: 1984-87 





Early stage investment^ 


Later stage investment^ 




1984 


1985 


1986 


1987 


1984 


1985 


1986 


1987 


























Millions of dollars - 








Total 


1,027.6 


684.4 


928.3 


1.109.5 


1.389.6 


1.344.7 


1.25>.15 


2.121.5 


Commercial communications, telephone, & data 




















159.0 


110.6 


127.7 


203.6 


217.0 


208.3 


242.8 


313.3 


Computers & computer-related 


387.3 


224.0 


254.3 


227.8 


680.4 


530.7 


428.6 


506.1 


Electronic components & other electronics 


174.9 


110.1 


141.1 


117.2 


151.1 


214.7 


169.2 


205.5 


Biotechnology 


20.2 


18.8 


40.2 


87.6 


42.6 


54.9 


76.8 


118.7 




132.3 


102.1 


177.1 


166.0 


108.5 


119.2 


122.8 


284.5 




14.1 


14.5 


9.6 


35.2 


5.9 


5.3 


1.2 


37.7 




31.4 


23.0 


12.2 


11.7 


42.7 


58.9 


35.0 


30.4 


Industrial equipment & machinery 


6.4 


0.9 


6.1 


11.7 


21.5 


23.1 


14.4 


35.2 




4.6 


6.8 


0.3 


6.5 


20.4 


15.9 


14.1 


38.8 




34.7 


30.5 


82.2 


167.2 


67.0 


78.1 


116.5 


315.2 


Other 


62.7 


43.1 


77.5 


73.0 


32.7 


35.6 


70.9 


236.1 



Percent ■ 



Commercial communications, telephone, & data 



communications 


15.5 


16.2 


13.8 


18.4 


15.6 


15.5 


18.8 


14.8 


Computers & computer-related 


37.7 


32.7 


27.4 


20.5 


49.0 


39.5 


33.2 


23.9 




17.0 


16.1 


15.2 


10.6 


10.9 


16.0 


13.1 


9.7 




2.0 


2.7 


4.3 


7.9 


3.1 


4.1 


5.9 


5.6 




12.S 


14.9 


19.1 


15.1 


7.8 


8.9 


9.5 


13.4 




1.4 


2.1 


1.0 


3.2 


0.4 


0.4 


0.1 


1.8 


Industrial automation , 


3.1 


3.4 


1.3 


1.1 


3.1 


4.4 


2.7 


1.4 




0.6 


0.1 


0.7 


1.1 


1.5 


1.7 


1.1 


1.7 




0.4 


1.0 


0.0 


0.6 


1.5 


1.2 


1.1 


1.6 




3.4 


4.5 


8.9 


15.1 


4.8 


5.8 


9.0 


14.9 


Other 


6.1 


6.3 


8.3 


6.6 


2.4 


2.6 


5.5 


11.1 



^ Early stage investment includes capital to develop prototypes, begin production, and initiate marl^eting. Research and deveiopment partnerships to 
launch new businesses are included. 

^Later stage investment provides capital for the expansion of firms that are already producing and marketing products. It includes bridge financing for 

firms that are going public, as well as research and d** *elopment partnerships that fund new product development by established firms. 

Note: Percentages may not add to 100 because of rounding. 

SOURCE: Venture Economics, Inc., special tabulations prepared for NSF. 
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Appendix table 6-23. Ventura-backed initial public offerings 
by snuiii firms: 1984-87 





1984 


1985 


1986 


1987 






Millions of dollars 




Total 


477.6 


344.9 


1443.8 


1221.9 


Commercial communications, telephone, & data 










communications 


46.5 


66.2 


66.3 


248.3 


Computers & computer-related 


257.9 


131.7 


376.1 


301.1 


Electronic components & other electronics 


61.6 


-^.0 


117.1 


126.2 


Biotechnology 


12.7 


0.0 


269.5 


121.,'! 




15.0 


27.9 


136.4 


134.2 


Industrial automation 


9.6 


15.2 


0.0 


17.9 




8.0 


34.2 


23.5 


0.0 


Consumer 


60.3 


54.4 


185.5 


73.8 


Other 


6.0 


15.3 


269.5 


199.2 




Distribution 


by industry 






Percent 




Commercial communications, telephone, & data 












9.7 


19.2 


4.6 


20.3 


Computers & computer-related 


54.0 


38.2 


26.0 


24.6 


Electronic components & other electronics 


12.9 


0.0 


8.1 


10.3 




2.6 


0.0 


18.7 


9.9 


Other medical/health 


3.1 


8.1 


94 


11.0 


Industrial automation 


2.0 


4.4 


0.0 


1.5 


Industrial equipment & machinery 


1.7 


9.9 


1.6 


0.0 




12.6 


15.8 


12.8 


6.0 




1.3 


4.4 


18.7 


16.3 



Note: Percentages may not add to 100 because of rounding. 

SOURCE: Venture Economics, tnc, special tabulations prepared for NSF. 
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Appendix table 7*1 . Global production of manufactured products, by selected countries: 1970-86 



All West United United 

countries' France Germany Japan Kingdom States Other Europe 



Higti-tech^ produclion ■ Millions of dollars 

1970 172,062 9,517 15,054 26,799 13.414 87,553 19,725 52,420 

1975... 290,822 24,149 30,705 51,768 21.635 123,054 39,511 105,600 

1980 612,892 47,365 60,594 134,702 45,959 254,339 69,933 207,463 

1982 636,234 39,046 47,690 148,094 37,856 299,656 63,892 169,745 

1984 752,598 37,023 45,804 207,277 36,293 360,863 65,338 165,710 

1985 805,171 39,002 50,053 216,463 39,183 389,872 70,598 171,260 

1986 985,956 54,171 69,065 318,617 46,903 410,452 86.748 234,558 



Production shares Percent 

1970 100 6 9 16 8 51 11 30 

1975 100 8 11 18 7 42 14 36 

1980 100 8 10 22 7 41 11 34 

1982 100 6 7 23 6 47 10 27 

1984 100 5 6 28 5 48 9 22 

1985 100 5 6 27 5 48 9 21 

1986 100 5 7 32 5 42 9 24 

Non-high-tech ■ 

production — — — Millions of dollars 

1970 1.210.452 82,440 109,588 156,737 99,686 510,051 251,950 466,751 

1975 2,365,783 194,260 220,868 371,438 174,207 856,037 548,973 987,012 

1980 4,443.410 375,377 425,989 790,306 323,179 1,492,484 1,036,075 1,908,788 

1962 4,125,227 290,472 334,J79 754,522 263,355 1,551,797 930,798 1,532,151 

1984 4,344,719 257,823 302,241 849.443 228,640 1,767,947 938,625 1,425,686 

1985 4,420.178 264.762 311,786 890,840 236,874 1,771,775 944,141 1,468,614 

1986 5.234.043 375,719 443,883 1,342,649 245,811 1,976,350 849,631 1,639,056 

Production shares Percent 

1970 100 7 9 13 8 42 21 39 

1975 100 8 9 16 7 36 23 42 

1980 100 8 10 18 7 34 23 43 

1982 100 7 8 18 6 38 23 37 

1984 100 6 7 20 5 41 22 33 

1985 100 6 7 20 5 40 21 33 

1986 100 7 8 26 5 38 16 31 

Total manufactures 

production Millions of dollars 

1970 1,382,514 91.957 124,642 183.538 113,100 597,604 271,675 519,171 

1975 2.656.605 218,409 251,573 423,206 195,842 079,091 588,484 1.092.612 

1980 5,056,302 422,742 486,583 925,008 369,138 1,746,823 1,106,008 2.116,251 

1982 4,761,461 329,518 381,969 902,616 301.215 1,851,453 994,690 1,701,896 

1984 5,097.317 294,846 348,045 1.056.720 264.933 2,128,810 1,003,963 1,591,396 

1985 5,225,349 303,764 361,839 1,107,303 276,057 2,161,647 1,014.739 1,639.874 

1986 6.219,999 429,890 512,948 1,661,266 292,714 2,386,802 936,379 1,873,614 



Production shares — — — Percent 

1970 100 7 9 13 8 43 20 38 

1975 100 8 9 16 7 37 22 41 

1980 100 8 10 18 7 35 22 42 

1982 100 7 8 19 6 39 21 36 

1984 100 6 7 21 5 42 20 31 

1985 100 6 7 21 5 41 19 31 

1986 100 7 8 27 5 38 15 30 



^Includes, In addition to those shown here, Australia, Austria, Belgium, Canada, Oenmark, Greece, Iceland, Ireland, Italy, The Netherlands, 
New Zealand, Norway, Portugal, Spain, Sv.eden, Switzerland, Turkey, and Yugoslavia. 

^Uses the Organisation for Economic Co-operation and Development definition of "high intensity technology products " 
Note: Data are valued in current U.S. dollars. 

SOURCE: Organisation for Economic Co-operation and Development. Industrial Outlook Database (July 1988 and December 1988). 
See figure 7-2. 

Science & Engineering Indicators— 1989 



371 

412 



Appendix table 7>2. Exchange rates^ of the 
U.S. dollar: 1980-87 





13- 










developed 


Canadian 


Japanese 


EC-12 




states^ 


dollar 


yen 


average' 






(1983. 


100) 




1970 


100.2 


84.7 


150.8 


86.1 


1975 


87.3 


82.5 


125.0 


71.5 


1980 


81.7 


94.9 


95.5 


63.9 


1981 


88.8 


97.3 


92.9 


78.9 


1982 


97.2 


100.1 


104.9 


90.1 


1983 


100.0 


100.0 


100.0 


100.0 


1984 


106.8 


105.1 


100.0 


113.2 


1985 


110.5 


110.8 


100.4 


117.8 


1986 


92.7 


112.7 


70,9 


92.3 


1987 


82.7 


107.6 


60.9 


79.2 



^Foreign currency units per US. dollar. 

^Includes Austria, Belgium, Canada. Denmark, Franco, West Gemiany. Itaiy, 
Japan, The Netherlands, Norway, Sweden, Switzerland, n.nd the United Kingdom. 
Country weights are assigned by the amount of 1983 trade with the United States. 

^Based on Belgium, France, West Germany, ttaty, The Netherlands, and the United 
Kingdom, with country weights assigned by the amount of 1 983 trade with the United 
States. 

SOURCE:U.S.Oepartmentof Commerce, Office of Trade andlnvestment Analysis. 
UnitedStatBS Trade PBriorma^cein ^Sfl7(Washington, DC: U.S. DOC, 1988). 
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Appendix table 7>3. Ratio of high-tech production to all manufactured products production, by 

selected countries: 1970*86 



All West United United 

countries' France Germany Japan Kingdom States Other Europe 



. Percent ■ 

1970 12 10 12 15 12 15 7 10 

1975 11 11 12 12 11 13 7 10 

1980 12 11 12 15 12 15 6 10 

1982 13 12 12 16 13 16 6 10 

1984 15 13 13 20 14 17 7 10 

1985 15 13 14 20 14 18 7 10 

1986 16 13 13 19 16 17 9 13 



* Includes, in addition to those shown here, Australia, Austria, Belgium, Canada. Denmark, Greece. Iceland, Ireland, Italy, The Netherlands, 
New Zealand. Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and Yugoslavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of "high intensity technology products." 
SOURCE: Organisation tor Economic Co-operation and Development, Industrial Outlook Database (July 1988 and December 1988). 
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Appendix table 7-4. Home markets for high-tech products, by selected countries: 1970-86 



All 

countries^ 



France 



West 
Germany 



Japan 



United 
Kingdom 



United 
States 



Other 



Home market 






Millions of dollars 






1970 


165,670 


9,485 


12,827 


24,482 


12,524 


82,621 


23,731 


1975 


273,066 


23,307 


25,495 


44,895 


19.424 


111,568 


48,377 


1980 


578,134 


46,955 


53,389 


110,733 


43.346 


236.629 


87,082 


1982 


597,889 


37.840 


39.433 


119,910 


36,840 


283,948 


79.918 


1984 


725,780 


35,349 


39,642 


162,721 


38.025 


364,235 


85,608 


1985 


779.658 


37.416 


43,298 


171,251 


39.684 


395.875 


92.134 


1986 


961.337 


54,439 


59,638 


261,643 


46,819 


423,538 


115,260 


Relative size of each country's 






















Percent 








home market 
















1970 


100 


6 


8 


15 


8 


50 


14 


1975 


100 


9 


9 


16 


7 


41 


18 




100 


8 


9 


19 


7 


41 


15 




100 


6 


7 


20 


6 


47 


13 


1984 


100 


5 


e. 


22 


5 


50 


12 


198S 


100 


5 


6 


22 


5 


51 


12 


1986 


100 


6 


6 


27 


5 


44 


12 



^ Includes, In addition to those shown here, Australia. Austria. Belgium, Canada. Denmark. Greece, Iceland. Ireland, Italy, The Netherlands, 
New Zealand. Norway, Portugal, Spain. Sweden, Switzerland. Turkey, and Yugoslavia. 

Note: Uses .he Organisation for Economic Co-operation and Development definition of "high intensity technology products/' 
SOURCE: Organisation for Economic Co-operation and Development, Industrial Outlook Database (July 1986 and December 1988). 
See figure 7-1. 
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Appendix table 7*5. Share of home market for high-tech products, supplied by domestic 

producers: 1970-85 



All west United United 

countries' France Germany Japan Kingdom States Othet 



Home market shares 








■—- Percent — 








1970 


85 


77 


77 


94 


83 


95 


47 


1975 


78 


76 


71 


93 


71 


92 


39 


1980 


74 


70 


59 


93 


60 


89 


27 


1982 


74 


63 


46 


94 


54 


88 


25 


1984 


73 


61 


43 


94 


47 


84 


20 


1985 


73 


60 


43 


94 


45 


84 


19 



Mncludes, in addition to those shown hore. Australia, Austria, Belgium, Canada, Denmark. Greece, Iceland, Ireland, Italy. The Netherlands, 
New Zealand. Norway. Portugal, Spain, Sweden. Switzerland, Turkey, and Yugoslavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of "high intensity technology products." 
SOURCE: Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1 988 and December 1988). 
See figure 7-5. 
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Appendix table 7-6. Import share of U.S. market for high-tech 
products: 1970-86 



Source 


1970 


1980 


1982 


1984 


1985 


1986 














U.S. origin 






Percent 






. 95.0 


88.2 


87.8 


83.7 


83.6 


81.8 


All imports 


5.0 


11.8 


12.2 


16.3 


16.4 


18.2 




NA 


3.3 


3.9 


0.6 


6.4 


7.1 


Europe 


NA 


4.8 


4.4 


5.0 


5.4 


5.8 


East Asian NlCs' 


NA 


2.0 


2.1 


3.1 


2.8 


3.3 


All other imports •. 


NA 


1.7 


1.8 


2.1 


1.6 


1.9 




















Billions of dollars 






U.S. home marl<et 


. 82.7 


236.6 


283.9 


364.2 


395.9 


412.6 


U.S. firm shipments 


. 78.6 


208.6 


249.4 


304.7 


331.1 


337.5 


U.S. imports ... 


4.1 


28.0 


34.5 


59.5 


64.8 


75.1 




NA 


7.8 


11.2 


22.2 


25.2 


29.4 


From Europe 


NA 


11.4 


12.4 


18.3 


21.3 


24.1 


From East Asian NICs ... 


NA 


4.7 


5.9 


11.2 


11.1 


13.7 


From all other countries . . 


NA 


4.1 


5.0 


7.8 


7.2 


7.9 



NA - Not available. 

'The East Asian newly Industrialized countries (NIC) Include Hong Kong, Singapore, South Korea, 
and Taiwan. These four are also often referred to as the "Four Tigers." 

SOURCES: Organisation for Economic Co-operation and Development, industrial Outlook 
Database (July 1988 and December 1988): U.S. Department of Commerce, International Trade 
Administration. United States Trade Performance in i987; and U.S. Department of Commerce, 
International Trade Administration. Office of Trade and Investment Analysis^ unpublished data. 
See figure 7*3. 
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Appendix table 7-7. Import penetration of certain U.S. 
high-tech product markets: 1970. 1980i and 1986 

Product group 1970 1980 1986 



Percent •■• 



All high-tech products 


4.9 


11.5 


18.1 


Drugs and medicines 


1.4 


4.8 


6.6 


Office machinery and computers . . . 


8.3 


10.5 


25.0 




3.6 


8.7 


17.3 


Electronic components 


7.8 


15.5 


21.3 


Aerospace 


1.8 


8.7 


11.0 




6.8 


14.4 


18.6 



SOURCE: Organisation for Economic Co-operation and Development, industrial 
Outlook Database (July 1 988 and Decdmlser 1 988). 

See figure 7-4. 
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Appendix table 7-8. U.S. market share for high-tech 
products: 1970-86 

U.S. share^ 1970 1980 1982 1984 1985 1986 



Percent 

Global market 51.0 41.0 47.0 48.0 51.0 42.0 

U.S. home market 94.5 88.2 87.8 83.7 83.6 31.8 

Foreign markets 10.1 11.9 14.3 14.6 16.1 11.1 



^U.S. share of the global market represents U.S. production as a share of total 
Organisation for Economic Co-operation and Development production. Foreign 
markets are estimated by subtracting total U.S. consumption from global shipnfients 
(OECD production). U.S. share of foreign markets represents U.S. exports' share 
of these foreign markets. 

Note: As Identified by the OECD definition r '*high Intensity technology products" 
and the Department of Commerce's DOC-3 definition. 

SOURCES: Organisation for Economic Co-operation and Development, Industrial 
Outlook Database (July 1988 and December); U.S. Department of Commerce, 
Internatiortal Trade Administration, United States Trade Performance in 19S7: and 
U.S. Department of Commerce, tntemational Trade Administration, Office of Trade 
and Investment Analysis, unpublished data. 

See figure 0-22 in Overview. 
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Appendix table 7'9. U.S. exports of high-tech and other manufactured products as a percentage of shipments: 1978'86 



Product group 


1978 


1979 


1980 


1981 


1982 


1983 


1984 


1985 


1966 








Ratio of exports to product shipmer^ts 





































- Percent - 












6.2 


6.8 


8.4 


8.3 


7.9 


7.0 


7.0 


7.1 


8.0 




18.1 


19.7 


20.5 


20.4 


18.7 


16.5 


17.2 


17.3 


17.7 




8.4 


6.9 


mm m 

7.5 


4.7 


8.5 


6.6 


5.5 


4.7 


3.4 


uommuniwauons ec|uipment & eioctronic 






















4 A fS 

14.0 


17.8 


15.3 


4 B 4 

15.1 


14.2 


11.4 


15.9 


12.0 


13.0 




35.3 


31.6 


33.6 


35.8 


30.3 


24.2 


25.6 


27.9 


25.8 




nc 4 

25.1 


25.7 


28.3 


27.7 


25.2 


21.3 


32.1 


27.6 


30.0 




21.5 


23.9 


20.7 


18.9 


18.0 


22.7 


19.5 


15.0 


15,0 




12.2 


10.4 


11 P 


11.2 


10.2 


10.2 


Q Q 
9.9 


a 2 


10 1 




16.0 


18.1 


18.6 


19.1 


19.3 


9.1 


20.8 


20.0 


21.0 


Professional and scientific instruments . . , 


16.3 


17.6 


18.1 


17.9 


16.5 


15.8 


15.3 


14.8 


15.8 


Enoinfifi turbinfis and narts 




00 Q 


27.4 


26.1 


28.5 


20.3 


26.0 




20.1 




9.7 


13.8 


16.2 


14.6 


14.5 


11.9 


12.2 


12.5 


12.7 




4.5 


4.8 


6.4 


6.2 


5.8 


5.0 


4.9 


5.0 


5.8 












Exports 


















Millions of dollars 


























94,500 


116,600 


155,808 


166,849 


151,264 


143,495 


158,449 


161,974 


179,937 




34,o37 


43,523 


54,710 


60,391 


58,111 


60,158 


65,510 


68,426 


72,517 




635 


603 


749 


557 


1,133 


994 


962 


827 


664 


Confimunications eQuipnrtent & electronic 






















6,759 


8,327 


A f\ Af\ 

10,349 


11,392 


11,803 


12,363 


14,425 


13,472 


14,893 




9,221 


11,013 


14,558 


16,885 


14,131 


14,637 


13,540 


17,535 


18,435 




4»888 


6,374 


8,650 


9,810 


10,148 


11,719 


14!699 


15,421 


16,096 




539 


670 


647 


676 


716 


907 


845 


714 


748 


Drugs and medicines 


1,492 


1,652 


1 


2,220 


2,329 


2,564 


9 (579 




w, 1 w9 


Industrial inorganic chemicals 


1,999 


2,575 


2,892 


3,111 


3,017 


3,070 


3,543 


3,335 


3,470 


Professional and scientific instruments. . . . 


4i663 


5,521 


6,490 


7,078 


7,005 


6,867 


7,198 


7,134 


7,816 


EnCiinBS. turhinps and nart^ 




0 QQR 


3,603 


3,831 


3,601 


3,016 


3,234 








2,279 


3,853 


4.789 


4,831 


4,228 


4,021 


4,392 


4,137 


4,502 


Other manufactured products^ 


59,663 


73,077 


101,098 


106,458 


93,153 


83,337 


92,939 


93,548 


107,420 










Value of 


product shipments 












_ 




















Millions of dollars 








All manufactured products^ 


1,522.900 


1,727,200 


1,852,700 


2,017.500 


1,908.300 


2,045,300 


2,274,900 


2,280,184 


2,260,315 




192,678 


220,373 


266,409 


296,639 


3.0,179 


364,930 


38r,109 


395,818 


410,035 




7,535 


8,801 


9,974 


11,795 


13,359 


15,164 


17,354 


17,741 


19,435 


Communications equipment & electronic 






















48,338 


46,820 


A A€i 

67,448 


75,264 


83,373 


90,936 


108,359 


112,417 


114,209 




26,094 


34,862 


43,322 


47,173 


46,665 


60,407 


52,847 


62,884 


71,471 




19,504 


24.767 


30,619 


35,474 


40,206 


45,763 


55,121 


55,847 


53,685 




2,505 


2,809 


3,119 


3,570 


3,970 


4,001 


4,335 


4.747 


4,998 




12,277 


15,866 


1 7,772 


1 9,877 


22,840 


25,017 


26,877 


29,532 


31,119 




12,512 


14,257 


15,570 


16,295 


15,637 


33,807 


17,066 


16.705 


16,550 


Professional and scientific Instruments. . . . 


28,560 


31,359 


35,865 


39,490 


42,404 


43,561 


47.196 


48,318 


49,338 




11,888 


12,835 


13,156 


14,696 


12,635 


12,449 


14,862 


14,625 


13,704 




23,467 


27,997 


29,564 


33,004 


29,092 


33,824 


36,092 


33,002 


35,527 




1,330,222 


1,506,827 


1,586,291 


1,720,861 


1,598,121 


1,680,370 


1,894,791 


1,884,366 


1,850,280 



^Data reported represent total shipments by manufacturers for ail manufacturing products. 
2U.S. Department of Commerce DOC-3 definition. 



^Data reported are calculated as the difference between shipments of "all manufactured products" and shipments of "aH high-tech products." 

SOURCES: U.S. Department of Commerce (DOC). International Trade Administration. L/.S. Trade Performance m 1985 ar)d Outlook, U.S. DOC. International Trade 
Administration. Office of Trade and Investment Analysis, unpublished data: U.S. Bureau of the Census. Statistical Abstract of the United States. 1986 {Washington. DC: 
Government Printing Office. 1 987): U.S. Bureau of the Census. Anriual Survey of f^ariufactures. Value of Product Shlpmer)t$ {f^86[ASl-2). 1 988 and previous editions and 
Statistics for industry Groups and Industries, 1 988. 

•Sae figure 0-23 in Overview. 
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Appendix table 7-10. Exports of high-tech products, by selected countries: 1970*86 



All 
countries^ 



France 



West 
Germany 



Japan 



United 
Kingdom 



United 
States 



Other Europe 



Exports 

1970 

1975 

1980 

1982 

1984 

1985 

1986 

Share of total high-tech 
exports 

1970 

1975 

1980 

1982 

1984 

1985 

1986 



' Millions of dollars 



31,871 
77,942 
185,975 
192,464 
221,521 
237,575 
289,481 



2,241 
6,467 
14,425 
15,102 
15,410 
16,556 
20,360 



5,127 
12,723 
29,046 
29,612 
28,585 
31,466 
41,937 



3,840 
9,487 
31,338 
35,798 
54,100 
55,531 
69,105 



3,054 


9,020 


8,589 


17,792 


7,759 


20,262 


20,864 


46,183 


20,168 


44,869 


46,129 


105,414 


18,037 


50,234 


43,681 


101,225 


18,432 


56,540 


48,454 


104,272 


21,333 


59,243 


53,446 


115,981 


25,304 


63,483 


69,292 


149,672 



Percent ■ 



100 


7 


16 


12 


10 


28 


27 


56 


100 


8 


16 


13 


10 


26 


27 


59 


100 


8 


16 


17 


11 


24 


25 


57 


100 


8 


15 


19 


9 


26 


23 


53 


100 


7 


13 


24 


8 


26 


22 


47 


100 


7 


13 


23 


9 


25 


22 


49 


100 


7 


14 


24 


9 


22 


24 


52 



^ Includes, In addition to those shown here, Australia, Austria, Belgium. Canada, Denmark, Greece* Iceland, Ireland, Italy, The Netherlands. 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland. Turkey, and Yugoslavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of "high intensity technology products.'* 
SOURCE: Organisation for Economic Co-operation and Development* Industrial Outlook Database (July 1988 and December 1988). 
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Appendix table 7-11. Ratio of high-tech product exports to total exports of manufactured 

products, by selected countries: 1970*86 



All 
countries^ 



West United 
France Germany Japan Kingdom 



United 
States 



Other Europe 



Percent • 



1970 


16 


14 


16 


20 


17 


26 


11 


14 


1975 


16 


14 


15 


18 


19 


25 


11 


14 


1980 


17 


14 


16 


24 


21 


27 


11 


15 


1982 


19 


18 


18 


26 


24 


31 


12 


16 


1984 


21 


18 


18 


32 


26 


34 


12 


16 






19 


18 


32 


27 


36 


13 


17 


1986 


22 


19 


18 


33 


28 


37 


14 


18 



includes, in addition to those shown here. Australia, Austria, Belgium, Canada, Denmark, Greece, Iceland. Ireiand. Italy. The Netherlands. 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland. Turkey, and Yugosiavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of "high Intensity technology products." 
SOURCE: Organisation for Economic Co-operation and Development, Industrial Outlook Database (July 1988 and December 1968). 
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Appendix table 7-12. Ratio of exports to production for liigh*tech products, by selected 

countries: 1970*86 



All West United United 

countries' France Germany Japan Kingdom States Other Europe 



, Percent 

1970 19 24 34 14 23 10 44 34 

1975 27 27 41 19 36 16 53 44 

1980 30 30 48 23 44 18 66 51 

1982 30 39 62 24 48 17 68 60 

1984 29 42 62 26 51 16 74 63 

1985 30 42 63 26 54 15 76 68 

1986 29 38 61 22 54 15 80 64 



'Includes, in addition to those shown heie, Australia, Austria, Belgium, Canada, Denmarl*, Greece. Iceland, Ireland, Italy, The Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and Yugoslavia. 

Note: Uses the Organisation (or Economic Co-operation and Development definition of "high intensity technology products." 
SOURCE: Organisation for Economic Co-operation and Development, Industrial Outlool* Database (July 1988 and December 1988). 
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Appendix table 7*13. Ratio of exports to domestic shipments for high*tech products, by selected 

countries: 1970-86 



All West United United 

countries' France Germany Japan Kingdom States Other Europe 



. Percent 

1970 23 31 52 17 29 11 77 51 

1975 37 37 71 23 56 20 112 78 

1980 44 44 92 30 78 21 194 103 

1982 43 63 164 32 91 20 216 148 

1984 42 71 166 35 103 19 287 170 

1985 42 74 169 35 120 18 312 210 

1986 42 60 155 28 117 18 397 176 



'Includes, In addition to those shown here, Australia, Austria, Belgium, Canada, Denmark, Greece, Iceland, Ireland, Italy, The Netherlands. 
New Zealand, Norway, Portugal, Spain, Swerten, Switzerland, Turkey, and Yugoslavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of "high Intensity technology products." 
SOURCE: Organisation for Economic Co-operation and Development, Industrial Outlook Database (July 1988 and December 1988). 
See figure /-6. 
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Appendix table 7-14. U.S. trade in higii>tech and other manufacturing product groups: 1970*87 



High-tech Non-high-tech Total U.S. manufactures 





Exports 


Imports 


Balance 


Exports 


Imports 


Balance 


Exports 


Imports 


Balance 




























Billions of dollars 










1970 (est.) . . . . 


10.3 


4.2 


6.1 


19.0 


22.8 


-3.8 


29.3 


27.0 


2.3 


1971 (est.) 


1 1 .4 


4.9 


6.5 


19.0 


27.4 


-8.4 


30.4 


32.3 


•1.9 


1972 (est.) 


11.9 


6.3 


5.6 


21.8 


33.7 


•11.9 


33.7 


40.0 


-6.3 






7.9 


8.0 


28.8 


39.8 


-11.0 


44.7 


47.7 


•3.0 


1974 


21.5 


9.8 


11.7 


42.0 


49.7 


•7.7 


63.5 


59.5 


4.0 


1975 


22.9 


9.5 


13.4 


48.1 


45.5 


2.6 


71.0 


55.0 


16.0 






13.2 


12.4 


51.6 


56.4 


-4.8 


77.2 


69.6 


7.6 




27.3 


15.3 


12.0 


52.9 


66.6 


-13.7 


80.2 


81.9 


-1.7 




34.8 


20.3 


14.5 


68.8 


90.6 


•21.8 


103.6 


110.9 


•7.2 




43.5 


22.8 


20.8 


89.1 


101.0 


-11.9 


132.7 


123.8 


8.9 




54.7 


28.0 


26.7 


106.0 


110.8 


•4.7 


160.7 


138.8 


22.0 




60.4 


33.8 


26.6 


111.4 


122.5 


-11.2 


171.7 


156.4 


15.4 


1982 


58.1 


34.6 


23.6 


97.2 


123.6 


-26.4 


155.3 


158.1 


-2.8 


1983 


60.2 


41.4 


18.8 


88.3 


137.1 


-40.8 


148.5 


178.5 


-30.O 


1984 


65.5 


59.5 


6.0 


98.1 


182.4 


-84.3 


163.6 


241.8 


-78.2 


1985 


68/: 


64.8 


3.6 


99.5 


204.7 


-105.2 


167.9 


269.5 


•101.6 


1986 


72.5 


75.1 


-2.6 


107.4 


233.8 


-126.3 


179.9 


308.9 


•128.9 


1987 


84.1 


83.5 


0.6 


116.0 


254.3 


•138.3 


200.0 


337.7 


•137.7 



NOTE: Uses U.S. Department of Commerce DOC-3 definitions. 

SOURCES: U.S. Dopartmc^nt of Commerce, International Trade Administration, United States Trade Performance in 1987: and U.S. Department 
of Commerce, unpublished data. 
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Appendix table 7-15. U.S. trade In high-tech product groups^ by region: 1978-87 

Japan Other developed countries East Asian NiCs^ Other countries 

Exports Imports Balance Exports Imports Balance Exports Imports Balance Exports Imports Balance 



Billions of dollars 



1978 


2.36 


7.12 


-4.76 


17.56 


7.63 


9.93 


2.41 


3.50 


-1.09 


12.50 


2.04 


10.46 


1979 


3.38 


7.04 


-3.66 


22.44 


9.08 


13.36 


3.64 


4.02 


-0.38 


14.06 


2.62 


11.44 


1980 


4.06 


7.84 


•3.77 


28.41 


11.44 


16.97 


4.51 


4.69 


-0.17 


17.73 


4.06 


13.67 


1981 


4.85 


10.73 


•5.88 


31.27 


12.85 


18.42 


4.32 


5.49 


-1.17 


19.95 


4.76 


15.19 


1982 


4.81 


11.25 


•6.45 


28.80 


12.40 


16.40 


4.53 


5.88 


•1.34 


19.97 


4.99 


14.99 


1983 


5.61 


14.44 


•8.83 


30.79 


12.83 


17.97 


5.71 


8.19 


•2.48 


18.04 


5.94 


12.10 


1984 


6.15 


22.18 


•16.04 


34.19 


18.29 


15.90 


6.38 


11.19 


•4.81 


18.79 


7.79 


10.99 


1985 


6.61 


25.17 


-18.56 


35.41 


21.26 


14.15 


6.26 


11.13 


•4.87 


20.15 


7.22 


12.93 


1986 


7.55 


29.42 


•21.87 


38.33 


24.13 


14.20 


6.61 


13.63 


•7.02 


20.03 


7.94 


12.09 


1987 


8.55 


30.47 


-21.92 


44.14 


25.60 


18.54 


8.37 


17.68 


-9.31 


23.01 


9.73 


13.28 



^The East Asian newly industrialized countries (NIC) include Hong Kong. Singapore, South Korea, and Taiwan. These four are aiso often referred to as the "Four Tigere." 
Note: Uses U.S. Department of Commerce DOC-3 definitions. 

SOURCES: U.S. department of Commerce, international Trade Administration. United States Trade Performance in 1987\ and U.S. Department of Commerce. International 
Trade Administration, Office of Trade and Investment Analysis, unpublished data. 
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Appendix table 7-1 6. U.S. direct investment position abroad in manufacturing, in selected nations and 

product groups: 1966-87 



1966 1970 1975 1980 1981 1982 1983 1984 1985 1986 1987 



■ Millions of dollars - 



Total manufacturing 20,740 31.049 55,886 89,161 92,386 83,452 82,907 85,865 94,107 104,887 126,640 

Total major countries 13,541 19,135 32,975 46,040 51,709 45,994 47,284 48,430 54,840 61,784 75,489 

Canada 6,697 8,971 14,691 18,877 19,812 18,825 19,209 20,986 21,831 23,406 25,890 

Prance 1,162 1,812 3,844 5,916 5,519 4,318 4,017 3,996 4,948 6,095 8,374 

West Germany 1,748 2,675 5,328 9,657 10,049 9,089 9,223 8,860 10,717 12,951 15,S74 

United Kingdom 3,568 4,909 7,555 8,618 13,093 10,704 10,920 10,512 12,760 13,889 18,266 

Japan 366 768 1,557 2,972 3,236 3,058 3,915 4,076 4,584 5,443 7,073 

Other Asian-Pacific 405 729 1,503 2,567 2,911 2,705 2,761 3,476 3,716 4,432 5,264 

Other countries 7,199 11,914 22,911 43,121 40,677 37,458 35,623 37,435 39,267 43,103 51,151 

Total Chemical products 3,840 5,865 11,107 18,888 20,176 18,274 18,768 19,200 20,273 22,741 26,914 

Total major countries 2,079 2,796 5,252 8,790 9,347 8,636 9,374 9,437 10,209 11,475 13,695 

Canada 1,058 1,320 2,268 3,402 3,719 4,178 4,546 4.777 4,794 4,847 4,916 

France 164 299 592 1,049 1,042 797 745 688 794 1,139 1,703 

West Germany 179 295 770 1,500 1,633 1,092 1,137 961 1,131 1,706 1,975 

United Kingdom 591 702 1,262 2,139 2,189 1,791 1,798 1,800 2,179 2,192 3,008 

Japan 87 180 360 700 764 778 1,148 1,211 1,311 1,591 2,093 

Other Asian-Pacific NA NA 378 703 767 642 699 957 1,026 1,204 1,480 

Other countries 1,761 3,069 5,855 10,098 10,829 9,638 9,414 9,763 10,064 11,266 13,219 

Total machinery 5,033 7,842 15,595 23,371 24,253 21,132 21,622 23,009 27,502 29,806 37,128 

Total ma}or countries 3,585 NA 9,750 14,243 14,389 11,925 12,476 13,296 16,038 18.020 NA 

Canada 1,345 1,773 3,042 3,161 3,619 3,302 3,671 4,085 4,113 4,444 5,160 

France 443 620 1,415 2,610 2,405 1,716 1,507 1,561 2,244 2,7/9 3,692 

WestGennany 526 973 2,101 3,390 3,197 3,009 3,172 3,177 4,190 4,566 5,934 

United Kingdom 1,049 1,590 2,405 3,739 3,755 2,552 2,544 2,723 3,496 3,944 5,103 

Japan 222 NA 787 1,343 1,413 1,346 1,582 1,750 1,995 2,287 NA 

Other Asian-Pacific 83 171 542 947 1,079 1,243 1,316 1,733 1,872 2,253 2,700 

Other countries 1,448 NA 5,845 9,128 9.864 9,207 9,146 9,713 11,464 11,786 NA 

NA-Notavallabls. 

Note: Certain data are withheld by the U.S. Department of Commerce to hvold disclosure of data for Individual companies. 

SOURCES: U.S. Department of Commerce, Bureau of Economic Analysis, Selected Dataon U.S. Direct Investment Abroad, 1976-78:\J.S. DOC, Bureau of Economic Analysis, 
Survey of Current Business (Fetiruary 1981), pp. 50-51 ; U.S. DOC, Bureau of Economic Analysis, Survey of Current Business (annual, August issues); and U.S. DOC. 
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Appendix table 7-17. Country locations of U.S. parent companies' foreign affiliates, 

by industry: 1986 



other 

Asian & Latin 



inQusiry 


Total 


Canada 


Europe 


Japan 


Pacific 


America 










h^illions of dollars ■ 





















56,943 


208,124 


50,549 


20,237 


79,268 


High-tech manufacturing Industries 


... 189,721 


16,465 


89,847 


22,684 


10,064 


26,039 


Radio, TV, and communication equipment . , 


. . . 23,188 


2,019 


9,835 


2,324 


2.974 


4,272 


Electronic computer and accessories 


, .. 8,130 


575 


3.080 


1,102 


1,354 


712 


Office and computing machines 


, . . 57,838 


3,419 


29,931 


8,601 


2,872 


3,916 


Drugs and medicines 


. . . 28,948 


1,671 


13,775 


3,421 


1,016 


5,968 


Industrial chemicals and synthetic 


, . . 48,644 


7,159 


20,362 


3,883 


1,345 


8,638 


Instruments and related products 


, . . 22,973 


1,622 


12,664 


3,353 


503 


2,533 






40,478 


118,277 


27,865 


10,173 


53,229 



Percent 



All manufacturing Industries 




12.0 


43.8 


10.6 


4.3 


16.7 


High-tech manufacturing Industries 


.. 100.0 


8,7 


47.4 


12.0 


5.3 


13.7 


Radio, TV, and communication equipment . . , 


.. 100.0 


8.7 


42.4 


10.0 


12.8 


18.4 


Electronic computer and accessories 


.. 100.0 


7,1 


37,9 


13.6 


16.7 


8.8 


Office and computing machines 




5,9 


51.7 


14.9 


5.0 


6.8 






5,8 


47.6 


11.8 


3.5 


20.6 


Industrial chemicals and synthetic 




14.7 


41.9 


8.0 


2.8 


17.8 


Instruments and related products 


.. 100.0 


7.1 


56.0 


14.6 


2.2 


11.0 


Other manufacturing industries 


. . 100.0 


14,2 


41.5 


9.8 


3.6 


18.7 



SOURCE: U.S. Department of Commerce. l/.S. OUecX Investment Abroad. Table 5. Preliminary 1986 estimates. 
See figure 7*8. 
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Appendix table 7-18. U.S. parent total assets, foreign affiliate assetSi 
and the ratio of parent foreign assets to total assets: 1986 



Industry 


U.S. parent 
assets 


Foreign 
assets 


Ratio foreign 
affiliate assets to 
parent assets 




—Millions of dollars— 


—Percent— 


All manufacturing industries 


1,408,850 


474,697 


33.7 


High-technology manufacturing 








industries 


462,815 


192.575 


41.6 


Radio, TV, & communication 








equipment 


134,929 


23,188 


17.2 


Electronic computer & accessories . 


23,450 


8,130 


34.7 




99,249 


57.838 


58.3 




57,474 


28,948 


50.4 


Industrial chemicals & synthetics . . . 


90,228 


48,644 


53.9 


Instruments & related products 


50,236 


22,973 


45.7 


Engines & turbines 


7,249 


2,854 


39.4 


Other manufacturing industries 


946.035 


282,122 


29.8 



SOURCE: U.S. Department of Commerce, U.S. Direct Investment Abroad, Table 2. Preliminary 
1986 estimates. 

See figure 7>7. 
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Appendix table 7-19. U.S. receipts and payments of royaltlss and fees associated 
witii unaffiliated foreign residents: 1972-87 



All West United Other 

countries Canada Germany France Kingdom Japan countries 



Receipts — ■ Millions of dollars 



1972 


655 


38 


56 


42 


63 

WW 


9dn 

fc*fU 


91ft 


1973- 


712 


32 


63 




75 




ceo 


1974 


751 


38 


78 


46 


71 

r 1 


9dQ 




1975 


757 


38 


81 


47 


7<} 


91 Q 




1976 




45 


83 


57 


72 


246 


319 


1977 




42 


92 


48 


82 


275 


498 


1978 




61 


119 


47 


93 


343 


517 






43 


109 


54 


102 


343 


553 




.... 1,305 


68 


145 


144 


113 


403 


432 


1981 


. ... 1,490 


69 


101 


133 


119 


423 


645 






71 


105 


119 


122 


502 


750 


1983 


. ... 1,679 


79 


136 


136 


134 


523 


671 


1984 


. ... 1,709 


84 


127 


105 


133 


549 


711 






101 


112 


122 


126 


606 


632 






98 


114 


100 


108 


679 


786 




. . . . P.,122 


157 


128 


100 


112 


750 


875 


Payments 
















1972 


139 


6 


29 


13 

1 W 


44 


e 
o 


•♦1 


1973 


176 


6 


37 


16 




1 0 


01 


1974 


186 


7 


34 


14 


67 




QC 


1975 


186 


9 


32 


15 


76 




Af> 


1976 




9 


34 


14 


77 


13 


42 


1977 


262 


8 


31 


14 


72 


16 


121 


1978 


277 


10 


27 


16 


84 


15 


125 






16 


40 


17 


93 


15 


128 






18 


61 


31 


96 


•50 


71 






13 


43 


30 


99 


37 


67 






10 


35 


22 


94 


31 


100 






10 


35 


29 


90 


53 


101 






11 


59 


32 


85 


63 


109 






10 


47 


25 


123 


66 


154 






9 


87 


31 


74 


100 


136 






19 


124 


44 


104 


108 


164 


Balance 
















1972 


516 


32 


27 


OQ 


1Q 


coh 


1 

1 fO 


1973 


536 


26 


26 


97 






1 fO 


1974 


565 


31 


44 




A 
H 






1975 


571 


29 


49 


32 

Wi* 


n 

u 


9in 




1976 


63.3 


36 


49 


43 


■5 


233 


277 


1977 


775 


34 


61 


34 


10 


259 


377 


1978 


903 


51 


92 


31 


9 


328 


392 


1979 


895 


27 


69 


37 


9 


328 


425 


1980 


... 1,008 


50 


84 


113 


17 


383 


361 


1981 


... 1,201 


56 


58 


103 


20 


386 


578 


1982 


1,377 


61 


70 


97 


28 


471 


650 


1983 


... 1,361 


69 


101 


107 


44 


470 


570 


1984 


. .. 1,350 


73 


68 


73 


48 


486 


602 


1985 




91 


65 


97 


3 


540 


678 


1986 


. .. 1,448 


89 


27 


69 


34 


579 


650 


1987 


. . . 1,559 


138 


4 


56 


8 


642 


711 



Note: Data do not includo transactions involving services. 

SOURCE: U.S. Department of Commerce, Bureau of Economic Analysis* unpublished data. 
See figure 7*9. 
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Appendix table 7-20. Deflators for the GNP, exports, and Imports: 1968-87 

Calendar year GNP Export price Import price 
deflator^ deflator deflator 



1968 0.3773 0.3520 0.2660 

1969 0.397R 0.3660 0.2740 

1970 0.4203 0.3070 0.2900 

1971 0.4438 0.4040 0.3020 

1972 0.4649 0.4170 D.3200 

1973 0.4954 0.4710 0.3550 

1974 0.5398 0.5630 0.5040 

1975 0.5931 0.6210 0.5410 

1976 0.6307 0.6480 0.5570 

1977 0.6728 0.6800 0.5980 

1978 0.7222 0.7280 0.6580 

1979 0.7857 0.8160 0.7710 

1980 0.8572 0.9020 0.9600 

1981 0.9396 0.9750 1.0160 

1982 1.0000 1.0000 1.0000 

1983 1.0386 1.0130 0.9740 

1984 1.0773 1.0320 0.9710 

1985 1.1095 1.0130 0.9480 

1986 1,1393 0.9970 0,9210 

1987 1.1767 1.0020 0.9760 



^Asof August 16, 1988. 

SOURCES: U.S. Department of Commerce, Survey of Current Business and Commerce News; and Council 
of Economic Advisers, EconomlGReportofthaPresldent{\Nash\nQ\on, DC: Government Printing Office, 1988). 
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Appendix table 7-21. New technology sales aqreements between 
Japan and the U.S., and Japan with other countries: 1975-88 



United states Other major countries 
Number of agreements 



1975 58 444 

1976 166 515 

1977 88 516 

1976 102 625 

1979 144 629 

1980 164 872 

1981 182 935 

1982 206 872 

1983 386 1,768 

1984 197 1,150 

1985 261 1,248 

1986 238 1,492 



Value of agreements 



Millions of 1 980 yen - 

1975 1,652 2,668 

1976 2,254 1,423 

1977 3,027 2,018 

1978 6,524 2,460 

1979 6,750 1,661 

1900 6.1 JO 3,600 

1981 10,271 4,845 

1982 8,183 7.422 

1983 11,143 4,816 

1984 11.269 4.441 

1985 6,743 9,303 

1986 8,018 NA 



NA - Not available. 

SOURCES: Government of Japan. Statistics Bureau. Management and Coordination Agency, 
unpublished statistics: updates and deflators provided by NSF, Division of international Programs, 
Tokyo Office. 

Science & Engineering Indicators— 1989 



424 



Appendix table 7-22. New technology purchase agreements between 
Japan and the U.S., and Japan with other countries: 1975>86 



United States Other major countries 
Numt>er of agreements 



1975 476 208 

1976 313 163 

1977 357 187 

1978 497 331 

1979 680 177 

1980 396 179 

1981 443 253 

1982 554 235 

1983 591 272 

1984 716 297 

1985 771 370 



Value of agreements 



Millions of 1980 yen — 

1975 9,403 4,193 

1976 15,421 3,321 

1977 8,969 6,054 

1978 28,984 6,631 

1979 22,118 3,323 

1980 19,900 4,900 

1981 16,844 2,323 

1982 32.414 4,943 

1983 32,453 5,189 

1984 22,050 4,336 

1985 21.889 4,884 

1986 NA NA 



NA » Not available. 

SOURCES; Government of Japun, Statistics Bureau, Management and Coordination Agency, 
unpublished statistics; updates and deflators provided by NSF, Division of International Programs, 
Tokyo Office. 
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Appendix table 7-23. Implicit GOP price Indices: ^9^A•Q7 





UnitSQ 




west 




uniied 






oioi6S 




uermany 


Francs 


Kingdom 


Japan 








(1980- 


1.00) 






1981 


1.079 


1.108 


1.032 


1.040 


1.118 


1.115 


1982 


1.148 


1.206 


1.051 


1.086 


1.259 


1.201 


1983 


1.185 


1.263 


1.059 


1.121 


1.3,3 


1.262 


1984 


1.230 


1.309 


1.072 


1.143 


1.479 


1.313 


1985 


1.268 


1.353 


1.089 


1.168 


1.566 


1.390 


1986 


1.301 


1,391 


1.108 


1.205 


1.649 


1.442 


1987 


1.347 


1.450 


1.111 


1.226 


1.698 


1.506 



GDP m gross domestic product. 

SOURCE: Organisation for Economic Co-operation and Development, Economics and Statistics 
Department; Main Science and Technology Indicators. 
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Appendix table 7-?4, Growth rates in real GNP: 1981-87 



United West United 

States Canada Germany France Kingdom Japan 



Percent change 

1981 1.9 3.0 0.0 1.2 -1.2 37 

1982 -2.5 -34 -1.0 2.5 1.0 3.1 

1983 3.6 3.7 1.9 0.7 3.7 3.2 

1984 6.8 6.1 3.3 1.4 2.2 5.1 

1935 3.0 4.3 2.0 1.7 3.7 4.7 

1986 2.9 3.0 2.5 2.1 2.3 2.5 

1987 (pre!.) ... 2.9 3.7 1.7 1.6 3.5 3.6 



SOURCE: Council of Economic Advisers, Economic Report of the President (Washington, DC: 
Government Printing Office. 1988)* table B-111 , p. 374. 
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Appendix table 7-25. Prospects for U.S. sales of ipanufactured products in the global marketplace, by industry 



Somewhat Somewhat 
Industry Total F'avorable favorable Unfavorable Favorable favorable Unfavorable 

W'ions of dollars Peicent 

For expansion overseas^ 





... 136,434 


58,410 


53,884 


24,139 


43 


39 


18 




. . . 47,182 


26,707 


12,854 


7,622 


57 


27 


16 




... 12,756 


7,658 


2,609 


2,488 


60 


20 


20 




... 12,616 


7,507 


3,599 


1,510 


60 


29 


12 


Instruments and related products 


7,466 


4,439 


1,922 


1,105 


59 


26 


IS 




5,806 


2,125 


2,610 


1,072 


37 


45 


18 




3,168 


1,240 


1,010 


919 


39 


32 


29 




2,978 


1,937 


713 


328 


65 


24 


11 




2,392 


1,801 


391 


200 


75 


16 


8 




. , . 89,252 


31.703 


41,030 


16,517 


36 


46 


19 



For expansion in U.S. market^ 

All manufacturing industries 

High-tech manufacturing industries * . . 

Aircraft end parts 

Office and computing machines 

Instruments and related products . . . 

Electronic computer and accessories 

Communication equipment 

Industrial inorganic chemicals 

Drugs and medicines 

Other manufacturing industries ...... 

Total 





. . . 428,686 


220.111 


89,798 


118,776 


51 


21 


28 




. . . 100,042 


59,191 


18,578 


22,275 


59 


19 


22 




... 18,312 


1 1 ,603 


2,715 


3,992 


63 


15 


22 




... 26,142 


15,800 


5,521 


4,821 


60 


21 


18 




. . . r,965 


12,672 


2,965 


2,329 


71 


17 


13 




,., 18,129 


7,566 


4,166 


6,398 


42 


23 


35 




9,350 


4,643 


2,062 


2.647 


50 


22 


28 




5,734 


3,326 


741 


1.667 


58 


13 


29 




4,410 


3,581 


408 


421 


81 


9 


10 




. . . 328,644 


160,920 


71.220 


96.501 


49 


22 


29 



^The market condition of recent price and currency changes fn markets outside the United States is said to be "favorable" for the U.S. to expand its exports if 
the combined effect has been to cause U.S. prices to drop much more rapidly— or increase much more slowly— relative to the average price of goods from ail 
other sources. The combined effort is said to be "somewhat favorable" if the relative change in U.S. prices was only slightly less than the average price change 
of goods from all other sources. The combined effect is said to be "unfavorable" if U.S. prices increased more rapidly than the average price for goods from 
all other sources. 

^Prospects for gains for U.S. manufactu. ed products in the U.S. market Is said to be "favorable" if the recent price and currency changes have caused prices 
of goods from major foreign suppliers to increase much more rapidly or decrease much more slowly relative to the average price of alt other goods sold in the 
United States. The effect is said to be "somewhat favorable" if it has caused import prices to increase siightty faster relative to the average price of alt other 
goods sold in the United States. The effect is said to be "unfavorable" if import prices increaseri more slowly or dropped relative to the average price of goods 
from all other sources. 

SOURCE: U.S. DOC, International Trade Administration. "Changing U.S. Competitive F rice Position in World Markets." 1988 U. S. Industrial Outlook, pp. 1 6-21 . 
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29L,J52 


161,701 


35,914 


94,637 


55 


12 


32 


52,860 


32.484 


5,724 


14,653 


61 


11 


28 


5,556 


3,945 


106 


1,504 


71 


2 


27 


13,526 


8,293 


1,922 


3,311 


61 


14 


24 


10,499 


8,233 


1,043 


1,224 


78 


10 


12 


12,323 


5,441 


1.556 


5,326 


44 


13 


43 


6,182 


3.403 


1.052 


1,728 


55 


17 


28 


2,756 


1,389 


28 


1,339 


SO 


1 


49 


2,018 


1,780 


17 


221 


88 


1 


11 


239,392 


129,217 


30,190 


79.984 


54 


13 


33 



Appendix table 6-1. U.S. and British publics* knowledge 
of scientific terms: 1988 



Term U.S. Britain 



— Porcent— 

Computer software 

Understands 27 26 

Some understanding 9 8 

Wrong or vacua 17 1 

Don't know/not asked 47 65 

DNA 

Understands 22 13 

Some understanding 10 16 

Wrong or vague 5 5 

Don't know/not asked 63 67 

Radiation 

Understands (scientific understanding) 6 NA 

Some understanding (l^nows effects or Impacts) ... 25 NA 

Wrong or vague 39 NA 

Don't know/not asked 31 NA 



2.041 2.009 



U.S. wording: "Computer software. When you read or hear the term 'computer 
software' do you have a clear understanding of what it means, a general sense of 
what It means, or little understandlrtg of what it means?" 

IP CLEAR UNDERSTANDING OR GENERAL SENSE: "Please tell me, In your 
own wordSi what Is computer software?" 

British wording: "Would you say you had a good. fair, or poor understanding of the 
computer terms 'hardware' and software'?" 
IP GOOD OR PAIR: "What Is computer software?" 

U.S. wording: "In articles and on television shows, the term *DNA' has been used. 
When you hearthe term 'DNA', do you have a dear understanding of what It means, 
a general sense of what It means, or little understar>dtng of what It means?" 

iP CLEAR UNDERSTANDING OR GENERAL SENSE: "Please tell me. in your 
own wordSi what Is DNA?" 

British wording: "When scientists use the term DNA, do you think it is to do with the 
study of stars, rocks, living things, or computers?" 
IP "LIVING THINGS": "What Is DNA?" 

NA » Not asked. 

SOURCES: J.D. Miller, "Attitudes of the U.S. Public Toward Science and Technol- 
ogy: 1988," report to the National Science Poundatlon (forthcoming, 1989}: and 
Oxford Unlversity.DepartmentforExternalStudles/SoclalandCommunlty Planning 
Research. Survey of the public understanding of science in Britain (1 988). 

See text table 8-1. 
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Appondix table 8-2. U.S. and British publics' 
understanding of scientific metliod: 1986 



Type of response 



U.S. Britain 



Theory construction and testing 

Experimentation 

Open«mlndedness, systematic comparison 

Measuring or classifying , 

Other 

Don't know 

No answer/not asked 



— Percent- 

3 3 
10 11 

4 9 
16 9 
38 25 

5 4 
23 39 



No 



2,041 2.009 



"Some articles refer to the results of a scientific study. When you *ead or hear the 
term 'scientific study' do you have a clear understanding of what i' leans, ageneral 
sense of what it moans, or little understanding of what It means?" 

IF CLEAR UNDERSTANDING OR GENERAL SENSE: "Please tell me. In your 
own words* what does It mean to study somothing scientifically?" 

SOURCES: J.D. Miller, "Attitudes of the U.S. Public Toward Science and Technol- 
ogy: 1988," report to the National Science Foundation (forthcoming, 1969); and 
Oxford University, Department for External Studies/Social and Community Planning 
Research, Survey of the public understanding of science In Britain (1986). 
See text table 8-1. 
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Appendix table 8*3. U.S. and British publics' knowledge 
of facts of physics and earth science: 1988 



U.S. Britain 



—Percent— 



"I 



'Hot air rises/' 

True 

False 



97 



97 



Don't l^now/no answer 2 2 

"The oxygen we breathe comes from plants." 

True 81 60 

False 13 28 

Don't know/nc answer 7 12 

"The center of the earth is very hot." 

True 80 86 

False 6 4 

Don't know/no answer 14 10 

"The continents on which we live have been moving 
their location for millions of years and will continue to 
move in the future."^ 

True 80 71 

False 8 8 

Don't know/no answer 12 20 

"Which travels faster, light or sound?" 

Light 76 75 

Sound 19 19 

Don't know/no answer 5 7 

"Electrons are smaller than atoms." 

True 43 31 

False 20 23 

Don't know/no answer 37 46 

"Lasers work by focusing sound waves." 

True 29 20 

False 36 42 

Don't know/no answer 35 38 

Number of questions answered correctly 

Seven 15 12 

Six 22 19 

Five 26 23 

Four 20 22 

Three 12 15 

Two 5 6 

On© 1 2 

None 0 1 



^British wording: *The continents are moving slowly about on the surface of the 
earth." 

SOURCES: J.D. Miller, "Attitudes of the U.3. Public Toward Science and Technol- 
ogy: 1966 " report to the National Science Foundation (forthcoming, 1989); Oxford 
University, Department for Extornai Studies/Social and Community Planning Re- 
search. Survey of the public understanding of science In Britain (1966). 

See text table 6-2, and figure 0-28 in Overview. 
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Appendix table 8-4. U.S., British, and European 
Community publics' knowledge of facts regarding 
astronomy: 1988 and 1989 

U.S. Britain EC 
(1988) (1988) (1989) 

- — Percent — 

"In the entire universe, *here are thousands 

of planets like our own cn which life could 

have developed." 

True 67 NA NA 

False 16 NA NA 

Don't know/no answer 17 NA NA 

"The universe began with a huge explosion." 

Definitely true 22 6 NA 

Probably true 32 58 NA 

Probably untrue 9 16 NA 

Definitely untrue 8 7 NA 

Don't know/no answer 29 13 NA 

"Does the earth go around the sun, or does 

the sun go around the earth?" 

Earth goes around sun 73 63 83 

Sun goes around earth 21 30 11 

Don't know/no answer 7 7 7 

"How long does It take for the earth to go 
around the sun: one day, one month, or one 
year?"' 

Oneday 17 16 16 

One month 2 2 3 

One year 45 34 50 

Don't know/no answer 36 47 30 

N= 2.041 2,009 11.675 

NA - Not asked, 

^Question was asked only of those who said earth goes around sun. Percentages 
are based cn total sample. 

SOURCES: J.D. Miller, "Attitudes of the U.S. Public Toward Science and Techno!- 
ogy: 1988,'* report to the National Science Foundation (forthcoming, 1989); Oxford 
University. Department for External Studies/Social and Community Planning Re- 
search. Survey of the public understanding of science in Britain (1988); "Euro- 
baronfiotre No. 31 , L'Oplnion Pubtlque dans laComnfiunautd Europdene" (Brussels: 
Confinfiisslon of the European Communitlea. Directorate-General for Information, 
Comnfiunlcatlon. Culture, 1989). 

See text table 8-3. and figure 0*28 In Overview. 

Science £ Engineering Indicators-^lBdQ 



431 



Appendix table 6"5. U.S. and British publics' 
understanding of probability: 1988 



U.S. Britain 



—Percent— 

"Now, think about this situation. A doctor teils a couple 
that their genetic makeup means that they've got a one 
in four chance of having a child with an Inherited 
illness/' 



a. "Does this mean that if they have only three 
children, none wiii have the iliness?" 

Yes 6 5 

No 87 84 

Don't know/no answer 7 11 

b. "Does this mean that if their first child has {he 
illness» the next three will not?" 

Yes 9 9 

No 66 60 

Don't know/no answer 5 10 

c. "Does this mean that each of the couple's children 
has the same risk of suffering from the Illness?" 

Yes 72 82 

No 23 10 

Don't know/no answer 5 8 

d. "Does this mean that If their first three children are 
healthy, the fourth will have the illness?" 

Yes 11 9 

No 64 60 

Don't know/no answer 5 11 

Number of questions answered correctly 

Four 57 66 

ThrM 25 14 

Twc 11 9 

One 4 5 

None 3 7 



N« 2,041 2.009 



SOURCES: 0 T . Miller, "AttltudPji of the IJ.S. Public Toward Science and Technol- 
ogy: 1986,' report to the National Science Foundation (forthcoming, 1 969): Oxford 
University. Department for External Studies/Social and Community Planning Re- 
search. Survey of tlie public understanding of science in Britain (198B). 

See text table 8-4. 
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Appendix table 8-6. U.S. and British publics' knowledge about health; 1988 



U.S. Britain 
—Percent— 



"Sunlight can cause skin cancer.'* 

True 97 94 

False 1 3 

Don't know/no answer 2 3 

"Cigarette smoking causes lung cancer." 

True 96 NA 

False 3 NA 

Don't know/no answer 1 NA 

"Radioactive milk can be made safe by boiling It." 

True 8 13 

False 64 65 

Don't know/no answer 28 22 

"Antibiotics kill viruses as well as bacteria." 

True 63 55 

False 25 28 

Don't know/no answer 11 17 

items contributing to heart disease: 
Stress 

Contributes (can contribute) 96 95 

Not 3 4 

Don't know/no answer 1 2 

Smoking 

Contributes 95 93 

Not 4 5 

Don't know/no answer 1 2 

Not getting much exercise 

Contributes 95 91 

Not 4 7 

Don't know/no answer 0 2 



U.S. Britain 



-Percent- 
Eating a lot of animal fat 





.. 94 


87 


Not 




8 




1 


4 


Eating very llttio fresh fruit 








. . 50 


42 


Not 


. 44 


47 




6 


11 


Lack of vitamins 








.. 49 


44 


Not 


. . 43 


39 




8 


16 


Eating very little fiber 








.. 50 


40 


Not 


. . 41 


45 




.. 10 


15 


Eating food with a lot of additives 








.. 66 


57 


Not 


.. 25 


29 




.. 10 


14 


Number of heart disease items answered correctly 






Eiaht 


7 


Q 




. . 15 


16 




.. 20 


18 


Five 


. . 25 


20 




.. 29 


29 




3 


7 




0 


1 


One 


0 


0 




0 


0 




2.041 


2,009 



U.S. wording: "We haar a lot about the problem of heart disease and how we can avoid It. Let me read you a short list of Items and ask you to tell me for each Item, as 1 read 
it, whether that item contributes to heart disease." 

Britlrh wording: "We hear a lot about the problem of neart disease and how we can avoid It. Which of these things do you believe can contribute to heart disease?" 

SOURCES: J.D. Miller, "Attitudes of the U.S. Public Toward Science and Technology: 1 988," report to the National Science Foundation (forthcoming. 1 989) ; Oxford University, 
Department for External Studies/Social and Community Planning Research. Survey of the public understanding of science In Britain (1 988). 

See text table 8-5. 
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Appendix table &*7. Beliefs of U.S., British, and European 
Community publics regarding human origins: 
1988 and 1989 



U.S. Britain EC 
(1988) (1988) (1989) 







Percent 




"Human beings ao we know them today 








developed from earlier species of animals." 










46 


NA 


62 




43 


NA 


24 




NA 


23 


NA 




NA 


58 


NA 




NA 


8 


NA 




NA 


7 


NA 




11 


6 


14 


"Tlie earliest humans lived at the same time 








as dinosaurs." 










45 


32 


29 




37 


48 


47 




18 


22 


24 




2,041 


2,009 


11,678 



NA a Not asked. 

SOURCES: J.D. Miller, "Attitudes of the U.S. Public Toward Science and Technol- 
ogy: 1 988/' report to the National Science Foundation (forthcomlngi 1 989); Oxford 
University, Department for External Studies/Social and Community Planning Re- 
search, Survey of the public understanding of science In Britain (1988); "Euro- 
baromdtre No. 31 , UOpinlon Publlque dans laCommunautd Europeans" (Brussels: 
Commission of the European Communities, Directorate-General for Information, 
Communication, Culture, 1989); Commission of the European Communities, un- 
published tabulations. 

See text table 8-6» and figure 0-28 in Overview. 
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Appendix table 8-8. Public attitudes toward astrology: 1988 

Question and responding group 

''Would you say that astrology Is very scientific, sort of Sort Not Don't 

scientific, or not at all scientific?" Very of at all know N 

- — Percent 

Total pu»bllc 6 31 60 3 2,041 

Men 5 25 67 3 958 

Women 7 36 53 3 1,083 

18 to 24 10 36 54 0 318 

25 to 34 6 32 60 1 486 

35 to 44 6 31 61 2 373 

45 to 64 5 30 61 5 532 

65 and older 6 27 60 6 332 

Less than H.S. graduate 11 35 50 4 530 

H.S. graduate or some college 6 32 59 3 1 ,1 55 

College graduate 2 22 74 2 356 

'In your dally life, do you sometimes decide to do or not to 
do something because your astrological signs for the day 

are favorable or unfavorable?"^ Yes No N 

Total public 6 94 2,041 

Men 4 96 958 

Women 8 92 1,083 

18 to 24 10 90 318 

25 to 34 5 95 486 

35 to 44 5 95 373 

45 to 64 5 95 532 

65 and older 6 94 332 

Less than H.S. graduato 11 89 530 

H.S. graduate or some college 5 95 1,155 

College graduate 2 93 355 

^ Respondents who reported that they never read their ^.oroscopes were not asked this question, but were coded 
as responding "No." 

Note: Percentages may not add to 100 because of rounding. 

SOURCE: J.D. MHlei, "Attitudes of the U.S. Public Toward Science and Technologr 1988." report to the 
National Science Foundation (forthcoming, 1989). 

Sea text table 8-8. 
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Appendix table 8-9. Public assessment of the benefits and harms due to 

eclentlfic research: 1972«88 



1972 1974 1976 1979 1981 1985 1988 
Percent 



Benefits greater — 

About equaP 

Harms greater 

Don't know/no answer 



70 75 71 70 74 68 76 

13 14 15 13 11 4 5 

8 5 7 11 14 19 12 

9 6 7 6 1 8 7 



2.209 2.074 2,106 1.635 1.540 2.005 1.042 



Wolunteered by the respondent. 

1972-76 wording: "Do you feel that science and technology have changed life for the better or for the worse?" 

1 979-88 wording: "Would you say that, on balance, the benefits of scientific research have outweighed the harmful 
results, or have the harmful results been greater than the benefits?" 

SOURCES:ie72-76:OplnlonResearchCorporation,"AttitudesoftheU.S.Pubtlc Toward SdencearKiTechno^^^ 
Study III" {Princeton: 1976). 1978: J.D. Miller. K. Prewltt, and R. Pearson, "The Attitudes of the U.S. Public Toward 
Science and Technology: Analytic Report." report to the National Science Foundation (Chicago: National Opinion 
Research Center. University of Chicago. 1980), p. 69. 1981: J.D. Miller, "A National Survey of Public Attitudes 
TowardSdenceandTechnology."(OeKalb,IL;North6rnlIllnolsUniversity.ig82). 

of the attitudes of the U.S. public toward science and technology: 1 985, unpublished tabulations available from the 
PubllcOplnlon Laboratory* Northern lilinois University (1985). 1888: J.D. Miller, "Attltuoes of the U.S. PuOllcToward 
Science and Technology: 1988." report to the National Science Foundation (forthcoming. 1989). 

See text table 8-9. 
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Appendix table 6*10. U.S. and British pubilcs' assessment of tlie effects of science 

on everyday values: 1957-88 

United States Britain 

1957 1979 1983 1985 1988 1988 

. — Percent 

a. ''Science is making our lives healthier, easier, and more 
comfortable.'*^'^ 

Agree 94 81 65 66 65 73 

Neither , ^ ^ ^ ^ 

Disagree 3 16 12 11 13 14 

Don't know/no answer 3 3 3 2 2 1 

\ "Science makes our way of life change too fast."^'^ 

Agree 43 44 46 44 40 49 

Neither ^ _ — — 16 

Disagree 51 53 52 53 59 33 

Don't know/no answer 6 3 2 3 2 3 

c. "One of the bad effects of science Is that it breaks down 
people's Ideas of right and wrong."^ 

Agree 23 37 30 37 33 NA 

Disagree 67 66 63 57 61 NA 

Don't know/no answer 10 7 7 7 6 NA 

d. "We depend too much on science and not enough on faith."^ 

Agree 50 NA 51 57 51 44 

Neither 13 na — ^ ~ 19 

Disagree 21 nA 46 39 43 34 

Don't know/no answer 16 NA 4 5 6 2 

N« ^'^^^ ^'^35 ^'®30 2.005 2.041 2,009 

NA • This question not asked these respondents; m this option not offered these respondents. 
M957i 1983, and 1985 wording: "One trouble with science I& that It . . 

21957 wording: "It has been said that we depend too much on science and not enough on faith. How do you personaiiy feel 
about that statement?" This was an open*encled question, coded by the interviewing organization. Those who responded that 
we should reiy more on faith are coded aa agreeing; those who said we should reiy more on science are coded as disagreeing; 
those who thouyht we should rely on both or who saw no confiict are listed as "neither." 

^1 979 wording: "Scientific discoveries are making . . ." 

^1979 wording: "Scientific discoveries make our lives change too fast." 

^1 979 wording: "Scientific discoveries tend to break down peopie's ideas of rigiit and wrong." 

^1985. 1988, and British wording: "Science and technology are making . . 

SOURCES: 19S7: "The Public Impact of Science in the Mass Media; A Report on a Nation-Wide Survey for the National 
Association of Science Writers" (Ann Arbor, Ml: Survey Research Center, University of Michigan. 1958); 1979: "Attitudes of 
the U.S. Pubiic Toward Science and Technology; 1 979." report to the National Science Foundation (Philadelphia: Institute for 
Survey Research, Temple University, 1 980). 1 57-S8: 1983: J.D. Miller, "A National Survey of Adult Attitudes Toward Science 
andTechnologyintheUnitedState8,"feportpreparedfortheAnnenbor9SchoolofCommunIcaik>ns. University ofPennsylvania. 
1 983: 1985: J.D. Miller, Survey of the attitudes of the U.S. public toward science and technology: 1 985, unpublished tabulations 
available from the Pubilc Opinion Laboratory. Northern Illinois University (1 a85). 1988: J.D. Miller. "Attitudes of the U.S. Public 
Toward Science and Technology: 1988." report to the National Science Foundation (forthcoming. 1989). Oxford University. 
Department for EMernal Studies/Social and Community Planning Research. Survey of the public understandina of science in 
Britain (1988). 

See text table 8 -10. 
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Appendix table 8-11. Portion of public with ''a great deal of confidence" in the people running various institutions; 1973-89 



Institution 19 73 1974 1975 1976 1977 1978 1980 1982 1983 1984 1986 198 7 1988 1989 

* Percent — - — — — — 

Medicine 54 60 50 54 51 46 52 45 51 50 46 52 51 

Scientific community 37 45 38 43 41 36 41 38 41 44 39 45 39 

U.S» Supreme Court 31 33 31 35 35 28 ^^5 30 28 33 30 36 35 34 

Military 32 40 35 39 36 29 28 31 29 36 31 34 34 32 

Education 37 49 31 37 41 28 30 33 29 28 28 35 29 30 

Major companies 29 31 19 22 27 22 27 23 24 30 24 30 25 24 

Organized religion 35 44 24 30 40 31 35 32 26 31 25 29 20 22 

Executive branch of the federal government 29 14 13 13 28 12 12 19 13 18 21 18 16 20 

Banks and financial institutions NA NA 32 S9 42 33 32 27 24 31 21 27 27 19 

Congress 23 17 13 14 19 13 9 13 10 12 16 16 15 17 

Press 23 26 24 28 25 20 22 18 13 17 18 18 18 17 

TV 18 23 18 19 17 14 16 14 12 13 15 12 14 14 

Organized labor 15 18 10 12 15 11 15 12 8 8 8 10 10 9 

Average^ 30 33 26 29 31 24 26 26 24 27 25 28 26 25 

. flaljQ yQa^'g average 

Medicine 1.78 1.81 1.97 1.87 1.64 1.90 2.01 1.74 2.15 1.89 1.83 1.85 2,00 1.82 

Scientific community 1.21 1.35 1.47 1.48 1.30 1.49 1.59 1.48 1.73 1.65 1.55 1.61 1.51 1.58 

U.S. Supreme Court 1.03 0.99 1.20 1.22 1.13 1.16 0.9; 1.18 1.16 1.23 1.18 1.30 1.35 1.36 

Military 1.04 1.19 1.38 1.35 1.16 1.22 1.06 1.18 1.22 1.33 1.26 1.23 1.33 1.28 

Education 1.21 1.47 1.21 1.29 1.30 1.17 1.15 1.29 1.20 1.04 1.10 1.24 1.15 1.19 

Major companies 0.96 0.94 0.75 0.76 0.87 0.89 1.04 0.90 0.99 1.14 0.96 1.06 0.96 0.93 

Organized religion 1.14 1.32 0.95 1.06 1.27 1.26 1.35 1 ?4 1.18 1.15 1.00 1.03 0.78 0.85 

Executive branch of the federal government 0.96 0.41 0.52 0.47 0.89 0.52 0.46 0.74 0.54 0.68 0.82 0.66 0.64 0.77 

Banks and financlallnstitutions NA NA 1.25 1.37 1.34 1.36 1.21 1.04 0.98 1.17 0.84 0.98 1.05 074 

Congress 0.77 0.51 0.52 0.47 0.61 0.53 0.36 0.52 0.41 0.46 0.65 0.58 0.60 0.66 

Press 0.76 0.77 0.93 O.^i 0.80 0.83 0.84 0.70 0.56 0.63 0.73 0.65 0.72 0.65 

TV 0.61 0.70 0.70 0.65 0.56 0.57 0.62 0.55 0.52 0.49 0.59 0.42 0.55 0.55 

Organized labor 0.51 0.55 0.39 0.40 0.47 0.45 0.58 0.48 0.33 0.32 0.32 0.36 0.39 0.37 

N= 1»504 1.484 1,490 1.499 1.530 1.532 1.468 1,506 1.599 989 1.470 1.466 997 1,035 

'1 am going to name some institutions in this country. As far as the people running these institutions are concerned, would you say you have a great deal of confidence, only 
some confidence, or hardly any confidence at all in them?" 

NA« Not asked. 

^Excludes Bartks and financial Institutions. 

SOURCES: Genc^ral Social Surveys, fS7^-r5d9;Cumu/ar/V0Cotfe^o/f(Chicago:NatlonalOpinion Research Center). 198-201 : General Social Surveys, 1972-82: Cumulative 

CodebooK\^\'U\GenBTalSoclalSurveys, 1972'BS: Cumulative Codebook^ 166-69; Ger^eral Social Surveys, 1972-83: Cumulative Codebook. 185-88. 
See figure 8-1. 
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Appendix table 8«12. Detailed reeponaes to queatlon 
^bout dangeroue powera poaseaaed by aclentiata; 1988 



Area mentioned Responses included 

Nuclear Nuclear science, nuclear power, nuclear 

weapons, radiation 

Biological Experiment on people, dangerous medical 

advances, genetic engineering, test tube 
babies, control people 

Weapons Weapons, bombs (no mention of nuclear), 

explosive materials, war, germ warfare 

individual quirks .... Quirks of scientists (disloyal, mad, withhold 
Information, greedy) 

Chemicals Chemicals, toxic chemlcats 

Environmental effects Environmental, disturbing space 

Religion Challenge religion 



"When you think about scientific researchers who have powers that make them 
dangerous, what kinds of powers do you havo In mind?" 

SOURCE:J.D.MIIIer,"AttltudesoftheU.S.PubHcTowardScIenceandTechno!08y: 
1988," report to the National Science Foundation (forthcoming, 1989). 

See text table 8-12. 
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Appendix table 8-13. Public preference for problem ereas cn which 
government funde ehould be epent: 1988 



Too Right Too Don't 

Problem aroa little amount much know 



Helping older people 76 

Improving education 76 

Reducing pollution 76 

Improving health care 67 

Helping low-Income persons , . . 55 

Supporting scientific research 34 

Exploring space . 1/ 

Improving national defense^ 17 

Developing weapons for national defense^ 11 



- Percent — 




21 2 


1 


19 4 


1 


18 4 


2 


28 2 


2 


30 12 


3 


48 15 


4 


38 43 


2 


42 38 


3 


35 52 


3 



N - 2,0A1 



"We are faced wlt^* many problems In this country. I'm going to name some of these problems, and for each 
one. I'd like you to tell me If you think that the government is spending too little money on It. about the right 
amount, or too much," 

^The sample was divided so that 999 answered this question with the first wording and 1 ,042 answerec' It with 
the second wording. 

Note: Hercentages may not add to 100 because of rounding. 

SOURCE: J.D. Miller. "Attitudes of the U.S. Public Toward Science and Technology: 1988." report to the 
National Science Foundation (forthcoming. 1 ^89). 

See text table 8*13. 
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Appendix table 8^14. Public preferences on regulation of various areas 
of science and technology: 1988 



Too About Too Don't 



Area low right high know 



Percent — 

Use of chemical additives In foods 42 29 25 3 

Construction of nuclear power plants 31 40 24 6 

Conduct of genetic engineering research 25 51 9 15 

Conduct of basic scientific research 23 60 10 8 

Development of new pharmaceutical products 16 63 16 5 



N m 2,041 



"I'm going to read you a short list of activitiss and for each one I'd like for you to tell me whether you think that 
the present level of governmental regulation Is too high, too low, or about right." 

Note: Percentages may not add to 100 because of rounding. 

SOURCE: Miller, J.D., "Attitudes of the U.S. Public Toward Science and Technology: 1988/* report to the 
National Science Foundation (forthcoming, 1 989). 

See text table 8-14. 

Science & Engineering indicators-^-igSB 



Appendix table 8-15. Public attitudes toward animal researcli: 1983 

Strongly Strongly Don't 

agree Agree Disagree disagree know N 



Percent 



Total public 


5 


48 


28 


14 


5 


2,041 




6 


55 


26 


7 


5 


958 






41 


30 


19 


6 


1.083 


18 to 24 




43 


29 


21 


3 


318 


25 to 34 




45 


30 


14 


5 


486 


35 to 44 




47 


28 


14 


6 


373 


45 to 64 




52 


27 


12 


6 


532 




6 


52 


27 


8 


6 


332 


Less than H.S. graduate 


3 


53 


26 


12 


6 


530 




5 


44 


31 


16 


5 


1.155 




8 


53 


23 


9 


6 


356 



"Scientists should be allowed to do research lhat causes pain and I nju^ to animals tike dogs and chimpanzees 
if It produces new Information about health problems." 

Note: Percentages may not add to 100 because of rounding. 

SOURCE: J.D. Miller, "Attitudes of the U.S. Public Toward Science and Technology: 1988 " report to the 
National Science Foundation (forthcoming, 1989). 

See text table 8-15. 
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Appendix table 8-16. Public attitudes toward space exploration and nuclear power: 1988 



Percent 





Benefits 


Benefits 


Costs only 


Costs 








Duunyiy 


oniy SNgnuy 


cHnhtlii 

siigniiy 


sirongiy 


ADOUl ine 






exceed 


exceed 


exceed 


exceed 


same or 




Area and subpopulation 


costs 


costs 


benefits 


benefits 


don't know^ 


N 


opduo oApioraiiori 
















22 


24 


18 


26 


11 


2,041 




26 


26 


13 


22 


11 


958 


Women 


16 


22 


22 


29 


12 


1,083 


18to24 


19 


30 


20 


25 


8 


318 


Oil 


21 


26 


17 


25 


10 


486 


35 to 44 


23 




17 

1 f 






Of w 


45 to 64 


23 


24 


15 


24 


14 


532 




20 


13 


19 


32 


16 


332 


Less than H.S. graduate 


15 


25 


20 


29 


11 


530 


H.S. graduate or <^ome college . . . 


21 


23 


17 


27 


12 


1,155 


College graduate 


33 


23 


15 


16 


13 


356 




Benefits 


Benefits 


Risks oniy 


Risks 








sirungiy 


oniy onyrtiiy 


ellnhtlu 

siigniiy 


sirongiy 


MuoUl ine 






exceed 


exceed 


exceed 


exceed 


same or 






risks 


risks 


benefits 


benefits 


don't know^ 


N 


Nuclear power 














Total public 


18 


23 


17 


30 


12 


2,041 




23 


26 


15 


28 


8 


956 




13 


20 


16 


32 


4 r 

• i> 


1,063 


18to24 


12 


23 


28 


30 


7 


318 


25 to 34 


16 


24 


19 


33 


7 


486 


35 to 44 


14 


22 


18 


34 


12 


373 


45 to 64 


24 


23 


13 


26 


15 


532 




21 


23 


a 


29 


19 


332 




15 


25 


18 


25 


18 


530 


H.S. graduate or some college . . . 


16 


22 


17 


33 


11 


1,155 




22 


23 


14 


32 


0 


356 



"Many current issues in science and techoloQV may be viewed as a Judgment of relative risks and benefits, or costs and benefits. 
Thinking first about the space program, some persons have argued that the costs of the space program have exceeded Its benefits, 
while other people have argued that the benefits of space exploration have exceeded its costs. In your opinion , have the costs of space 
exploration exceeded its benefits, or have the benefits of space exploration exceeded its costs?" "Would you say that the benefltc have 
substantiatiy exce Jded the costs, or onty slightly exceeded the costs?" "Would you say that the costs have substantially exceeded the 
benefits* or only slightly exceeded the benefits?" 

"In the current debate over the use of nuclear reactors to generate electricity, there is broad agreemont that there are some risks and 
some benefits associated with nuclear power. In you r opinion, are the risks associated with nuclear power greater than the benefits, or 
are the benefits associated with nuclear power greater than the risk^?" 

^ Since some respondents did not answer the questions about benefits slightly or substantial^ exceeding costs or risks, the number 
responding "about equal" or "don't know" is greater than on t^xt table 8*16. 

SOURCE: J.D. Miller. "Attitudes of the U.S. Public Toward Science and Technology: 1 988," report to the National Science Foundation 
(forthcoming. 1989). 

See text table 8-16. 
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Appendix table 8'17. Effect of the Challenger and Chernobyl aecldente on 
general public attltiioes toward eclence and technology: 1985-8B 



November February June July 
1985 1986 1986 1988 



:ts of scientific research 
eficlal results 



Beneficial versus harmful ( 
Balance strongly favors . 
Balance only slightly favorb beneficial results 

About equaP 

Balance only slightly favors harmful results . 

Balance strongly favors harmful results 

Don't know/no answer 

Benefits of space program versus costs 
Benefits substantially greater than costs . . . 

Benefits only slightly greater than costs 

About equal^ 

Costs only slightly greater than benefits ... 
Costs substantially greater than benefits ... 
Don't know/no answer 

Benefits of nuclear power versus risks 

Benefits substantially exceed risks 

Benefits only slightly exceed risks 

About equaP 

Risks only slightly exceed benefits 

Risks substantially exceed benefits 

Don't know/no answer 



47 
24 
5 
12 
S 
7 



Percent ■ 

20 
59 

4 

7 

3 

6 



22 
55 
3 
5 
8 
5 



53 
21 
2 
8 
4 
9 



30 


37 


33 


22 


25 


28 


27 


24 


3 


3 


2 


3 


13 


9 


14 


18 


26 


16 


If 


26 


5 


5 


5 


9 


30 


23 


26 


18 


20 


30 


26 


23 


1 


3 


2 


3 


13 


12 


10 


17 


31 


26 


28 


30 


4 


5 


7 


9 



1.111 1.111 1,111 2.0412 



"Wouid you say that, on balance, the benefits of scientific research have outweighed the harmful results, or 
have the harmful results been greater than the benefits?" "Would you say that the balance has been f^lrongly 
in favor of beneficial results, or only slightly?" 

^Volunteered by respondents. 

^For the *'sclontlfIc research" question. N « 1 .042. 

Note: The same persons were interviewed in the 1985 and 1986 surveys. 

SOURCE: J.D. Miller. "The Impact of the Challenger Accident on Public Attitudes Toward the Space Program." 
report to the National Science Foundation (January 1987); J.D. Miller. "Attitudes of the U.S. Public Toward 
Science and Technology: 1988," report to the National Science Foundation (forthcoming. 1989). 
See figure 0*27 in Overview. 
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Appendix II 
Contributors and Reviewers 




Contributors and Reviewers 



The following persons contributed to the report by reviewing chapters or sections, providing data, or otherwise assisting 
in its preparation. Their help is greatly appreciated. 
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Ronald D. Anderson, National Science Foundation 
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Joel Barries, National Science Foundation 

Helen Beilby, Organisation for Econoinic Co-operation 
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Robert Blackburn, University of Michigan 
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Myles Boylan, National Science Foundation 
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Acronyms 



.■.J!V. 



•7^ 



1^ 
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Acronyms 



AAAS 

ABET 

AP 

ARL 

BLS 

CEC 

CHI 

CNRS 

CPRE 

CPS 

Dcx: 

DOD 

DOE 

DRI 

EC 

ECS 

ETS 

FFRDC 

GNP 

CPA 

GUF 

HTRI 

lAEP 

lEA 

IPO 

IR&D 

IRT 

ITC 

MCC 

NAEP 

NASA 

NCES 

NCTM 

NIC 

NIH 

NORC 

NRC 

NSB 

NS/E 

NS,E&CS 

NSF 

NSTA 

OECD 

ORC 

OTA 

RA 

R&D 

SAT 

SBA 

SCI 

S/E 

SES 

SIC 

SPRU 

SSC 

S&T 

UCLA 

USDA 



American Association for the Advancement of Science 

Accreditation Board of Engineering and Technology 

Advanced Placement 

Association of Research Libraries 

Bureau of Labor Statistics 

Commission of the European Communities 

Computer Horizons, Inc. 

Centre National de la Recherche Scientifique 

Center for Policy Research in Education 

Current Population Survey 

Department of Commerce 

Department of Defense 

Department of Energy 

Data Resources 

European Community 

Education Commission of the States 

Educational Testing Service 

Federally funded research and development center 

Gross national product 

Grade point average 

General university funds 

High Technology Recruitment Index 

International Assessment of Educational Progress 

International Association for the Evaluation of Educational Achievement 

Initial public offering 

Independent research and development 

Item Response Theory 

International Trade Commission 

Microelectronics and Computer Technology Corporation 

National Assessment of Educational Progress 

National Aeronautics and Space Administration 

National Center for Education Statistics 

National Council of Teachers of Mathematics 

Newly industrialized country 

National Instihites of Health 

National Opinion Research Center 

National Research Council 

National Science Board 

Natural science and engineering 

Natural scientists, engineers, and computer specialists 

National Science Foundation 

National Science Teachers Association 

Organisation for Economic Co-operation and Development 

Opinion Research Corporation 

Office of Technology Assessment 

Research assistant 

Research and development 

Scholastic Aptitude Test 

Small Business Administration 

Science Citation Index 

Science and engineering 

Socioeconomic status 

Standard Industrial Classification 

Science Policy Research Unit 

Superconducting Super Collider 

Science and technology 

University of California at Los Angeles 

U.S. Department of Agriculture 
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Page numbers in boldface indicate appendix tables. 



i4Bn'(AccreditcUion Boord of linginutMing cind 
Technology), 49// 

AcadtMiiic dugreus. Sve Degroes. 

Academic research and development. Sccabo 
Applied research; Basic research; De- 
velopment; Industrial R&D; ResciUch 
and development, 
doctoral-level rusenrchers 
in basic research, 5S-59, 1 16-1 18, 233, 
321-324 

by ethnic group, 116, 117-118, 319-320, 

323-324 
by field, 113-116, 317-322 
by gender, 115-116, 117, 319-320, 323- 

324 

retention of, 118-119, 325-326 

equipment spending for, 112-113, 310-315 

facilities spending for, 111-112, 310-312 

by field and country, 99, 289 

funding for 
by character of work, 107-108, 295 
distribution of funds, 110, 302-303 
Federal suppuft, 12, 109-110, 299 
by field, 13, 110-111, 307-309 
industrv support, 110, 304-306 
bv sector, 12, 108. 296-298 
state support, 101-102 

highlights, 106-107 

industry dependence on, 124 

literature from. Sec Literature. 

overview of, 12-13 

science serials, librarv costs, 113-114, 316 
SPRU analysis of, 98-99, 299 
Academic Research Facilities Modernisation 

Act of 1988, U2n 
Accreditation Board of Engineering and 

Technology (ABET), 49// 
Aeronautical/astrbnautical engineering 
academic research funds for, 13, 110-111, 
307-309 

academic S/E researchers in, 115-116, 317- 
322 

doctoral S/E employment, 68-69, 244-246 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E job patterns, 63-65, 235-238 
S/E's employed in, 7, 66-68, 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 

African Americans. Sco Black Americans. 

Agricultural Extension Services, 99 

Agriculture, Department of (USDA) 
Agricultural Research Service, 92, 99 
R&D support, 91- 94, 272-274, 277-279 

American Indians. Sec Native Americans. 

Animal research, public attitudes toward, 175, 
399 

Applied research. SciuUso Academic research; 
Basic research; Development; Indus- 
trial R&D; Research and development. 

academic doctoral S/E's in, 58-59, 233 

defined. 89 

funding for, 4-5, 88-95, 108, 268-269, 282, 
295 

ARL (Association of Research LibrariL»s), 114 
Articles. See Literature. 



Asian Americans 

doctoral recipients, .i6, 227 

S/t employment. 67-68, 242-243, 245-246 
Associate degrees. Siv Degrees, associate. 
Associatioji of Research Libraries (ARL), 114 
Astrology* public's attitude toward, 170, 394 
Astronautical engineering. See Aeronautical/ 

astronautical engineering. 
Astronomv, public's knowledge of, 166-167, 
390' 

Attitudes, public. 5tv Public attitudes toward 
S&T 

Australia, precollege science achievement 
scores, 29-31, 198-199 

Bachelor's degrees. See Degrees, bachelor's. 

Balance of trade, 2, 149, 153, 379 

Basic research. See liho Academic research; 
Applied research; Development; In- 
dustrial R&D; Research and develop- 
ment. 

academic doctoral S/E's in, 58-59, 1 16-1 18, 

233, 321-324 
defined, 89 

funding for, 4-5, 88-95, 108, 270-271, 279- 
2S1, 295 

minorities and women in, 117-118, 323- 
324 

nonacademic doctoral S/E's in, 116, 321- 
324 

as percentage of total R&D, 96, 97, 268 
Bibliometrics, 119 

Big Bang theory of universe, 166-167, 169, 
390 

Biological sciences, freshman plans, 9, 51-52 
Biology 
literature in 
cross-sector coauthorship, 15, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122-123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 

U.S. publications, 121, 337 
precollege studies test scores, by country, 
29, 198 
Biomedicine 
cross-sector coauthorship, 15, 121, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122-123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 

U.S. publications, 121, 337 
Biotechnology, and small business, 145 
Black Americans. See rt/so Ethnic compari- 
sons, 

academic doctoral S/E's, 116, 1 17-118, 319- 
320. 323-324 

doctoral recipients, 55-56, 227 

doctoral S/F. pmploymenl, 68-69, 245-246 

precolh?ge students 
computer competence of, 29-30 
mathematics proficiency, 24-26, 190-194 
science proficiency, 22-^24, 186-189 

S/Eemplovment, 67-68, 71^72, 242-243, 245- 
251, 253-254 

undergraduate enrollments, 49, 50, 212 



Britain. See United Kingdom. 
British Colunibia. See Canada. 
Business. See aho Induslr)'. 

projected jobs in, 75, 238 

S/E's employed in, 63-64, 238 

small. 5tv High-technology companies, small 
business. 

start-ups, state support for, 101 

Calculator use in class, 37 
Canada 
GNP growth rates, 385 
high-tech products, royalties and fees for, 

157-158, 382 
inflation rates, 159, 385 
interpatent citations, 140-141 
precollege mathematics achievement scores, 

8, 27, 195, 197 
precollege science achievement scores, 8, 

28-31, 195, 197-199 
scientific literature 
contributions, 120, 331 
international coauthored, 11, 120-121, 335 
U.S. direct inve.stment in, 154-156, 380 
U.S. high-tech companies owned by, 142, 
365 

Carnegie classification of institutions, 47-48, 

110//, 210-212 
Census Bureau Current Population Survey, 

49// 

Center for Policv Research in Education 

(CPRE), 42' 
Challenger accident, public reaction to, 176, 

401 

Chemical engineering 
academic research funds for, 13, 110-111, 
307-309 

academic S/E researchers in, 115-116, 317- 
322 

doctoral S/E employment, 68-69, 244-246 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E job patterns, 63-65, 235-238 
S/E's employed in, 7, 66-68, 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 

Chemistry 
literature in 
cross-sector coauthorship, 15, 121, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122-123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 

U.S. publications, 121, 337 
precollege studies 
teachers of, 40, 209 
test scores, by country, 30, 198 
Chernobvl accident, public reaction to, 176, 
40i 

Civil engineering 
academic research funds for, 13, 110-111, 
307-309 

academic S/E researchers in, 115-116, 317- 
322 

doctoral S/E en^ployment, 68-69, 244-246 
projected jobs in, 77, 235-238 
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Civil on8im»crin>» (cont,) 
■'^> - S/E employment rales, 71-72, 247- .251, 253- 
254 

S/E job patterns, 63-63, 23S-238 
S/t's employed in, 7, 06--68, 240'-242, 252 
■ S/E unemployment rates, 70, 247-251, 253- 

'■F.. 254 

. :v Clinical medicine 

. cross-sector coauthorship, 13, 121, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122--123, 343 
U.S. and world articles, 11, 120, 327-331 
.1 U.S. citations to foreign articles, 122-123, 
340 

U.S. publications 121, 337 
College degrees. Sec Degrees. 
College students. Sec Students, graduate and 

undergraduate. 
Colleges and universities 
Carnegie classification of, 47-48, 110m, 210- 
212 

doctoral S/h's employed by, 58-59, 232-234 
enrollments in 
graduate, 10-11, 52-54, 215-221 
undergraduate, 10, 48-49, 212-213 
facultv shortages in engineering, 73 
FFRDCsand, 109-110 
land grant establishment of, 99 
patent activity, 123-124, 347-348 
postdoctoral appointments, 34, 222 
producers of S/E degrees, 48, 210 
R&D in. Sec Academic research and devel- 
opment. 

science serials, library a)sts, 113-114, 316 
supercomputer installations, 113 
Commerce, Department of 
DOC-3 classification of industries, 141, 149- 
150 

Communications, transportation, ond utilities 
projected jobs in, 75, 237 
S/E's employed in, 63-64. 237 
Competitiveness in world mtirkets. Sec Global 

marketplace. 
Competitiveness Policy Council, 158 
Computer .science 
academic doctoral employment, 58-59 
academic research funds for, 13, 110-111, 

307-309 
academic research in, 99, 289 
academic S/E researchers in, 115-116, 317- 
322 

capital expenditures on at universities, 110- 

111, 311-312 
degrees awarded in, 48, 49, 211-212 
equipment expenditures on at universities, 

112-113. 313-315 
foreign postdoctorates in, 54, 222 
freshman plans, 9, 31-52 
graduate S/E enrollments, 52-54, 216-221 
precollege studies 
secondary schools, course enrollments 

in, 32-34, 201-202 
teachers of, 40 
as probable major of college-bound se- 
niors, 31-32, 200 
Computer specialties 
degree field employment in, 73, 252 
doctoral S/E employment, 68-69, 119, 244- 

246, 326 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E job patterns, 6:^-65, 235-238 
S/E's employed in, 7, 66-68, 240-242, 252 



Computer specialties (cont.) 
S/E unemplovmenl rales, 70, 247-251, 253- 
254 

stock and flow of S/E's in, /7-81, 256 
Computers 
competence of precollege students, 29-30, 
199-200 

public attitude toward, 174-173 

supercomputer installations, 113 

use in math classes, .'^7 
"Cloncordance" computer program, \39n 
Construction 

projected jobs in, 76, 236 

S/E's employed in, 65, 236 
Cooperative State Research Service, 99 
CPRE (Center for Policy Research in Educa- 
tion), 42 

CPS (Current Population Survey), 49*; 
Currency exchange rate, 149«, l'50«, 139, 372 
Current Population Survey (CPS), 49« 

Defense, Department of (DOD) 
iR&D program, 94, UOu, 284-285 
R&D support, 91-94, 109, 272-274, 277- 

279, 300-301 
S'E graduate student support, 57-58 
Sematech consortium, 100 

Defense research and development 
budgetarv function of, 95, 285-286 
funding for, 4-5, 94, 264-265, 284 
as percentage ot GNP, 4-5, 96-97 

Degrees 
associate 

by Carnegie classification, 48, 211-212 
S'E degrees awarded, 48, 210 
bachelor's 
awards, 55, 223-224 
by Carnegie classification, 48, 49, 211- 
212 

S/E degrees awarded, 48, 210 
doctoral 

awards, 55, 223-224 

by Carnegie classification, 48, 211-212 

by ethnic group, 55-,56, 227 

foreign recipients of, 35, 225 

by gendet, 55, 56, 223, 226-227 

S'E degrees awarded, 48, 210 

in S/E workforce, 68-69, 244-246 
master's 

awards, 55, 223-224 

bv Carnegie classification, 48, 49, 211- 
'212 

S/E degrees awarded, 48, 210 
NS.'E, as first degree, 5, 6, 261 
Demand. See aho Supply, 
macroeconomic scenarios for 1988-2000, 74», 
239 

for precollege teachers, .'^9-40 
projected S/ t's in industrv, 74-77, 235-238 
for S/E's, 62, 69-73, 235-238 
Development 
defined, 89 

funding for. 4-5. 88-95, 108, 266-267, 295 
"Di.sembodied" technology, 156;; 
DOC. See Commerce, Department of. 
DOC-3 classification of industries, 141, 149- 
150 

Doctoral degrees. See I3egrees, doctoral. 
DOD. Sec Defense, Department of. 
DOE. Sec Energy, Department of. 

Larthlspace sciences 
literature in 
cro.ss-sector coauthorship, 13, 121, 339 
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Earlh space sciences, literature in (cont.) 
international coauthorship, 120-121, 334 
relative citation ratios, 122''123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 

U.S. publications, 121, 337 
public's knowledge of, 165--166, 389 
ECS (Education Commission of the States), 
42 

Education. See also Students, 
graduate 

enrollment in, 10-11, 52-54, 215-221 

highlights, 46-47 

overview of, 10-11 

support for, 56-58, 228-231 
postdoctoral appointments, 54, 222 
precollego 

calculator and computer use, 37 

computer competence, 29-30, 199-200 

"Education Summit", 40-41 

highlights, 20 

homeworK assignments, 37, 205 
math achievement scores, 8, 27, 195, 197 
math proficiency, 24-26, 190-194, 196 
overview of, 7-9 
reform movements, 40-43 
science achievement scores, 8, 28-31, 195, 
197-199 

science proficiency, 22-24, 186-189, 196 
undergraduate 
enrollments in, 10, 48-49, 212, 213 
freshman plans, 9, 51-52 
highlights, 46-47 
overview of, 10 
Education Commission of the States (ECS), 
42 

Education, Department of, 32 
Educational Testing Service (ETS), 25 
Electrical/electronics engineering 
academic research funds for, 13, 110-111, 
307-309 

academic S/E researchers in, 115-116, 317- 
322 

doctoral S/E employment, 68-69, 244-246 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E jol patterns, 63-65, 235-238 
S/E's employed in, 7, 66-68, 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 

Elementary students. See Students, precol- 
lege. 

"Embodied" technology, 156»/ 
Employment of S/E's. See Science and engi- 
neering, workforce, 
Energv, Department of (DOE) 
R&D support, 91-94, 272-274, 277-279, 300- 
301 
Engineering 
academic research funds for, 13, 110-111, 

307-309 
academic research 99. 289 
capital expenditures op at universities, 110- 

111, 311-312 
degrees awarded in, 48, 49, 211-212 
equipment expenditures on at universities, 

112-113. 313-315 
foreign postdoctorates in, 54, 222 
freshman plans, 9, 31-32 
graduate enrollments in, 52-54, 216-221 
literature in 
cross-sector coauthorship, 13, 121, 339 



linginoLMlnj;, lituicUurc in (cont.) 

inturncUion«il awuthorship, 120-121, 334 
rdcUivu citcUion nUios, 122-123, 343 
U.S. and world drtidus, 11, 120, 327-331 
U.S. citations to toroign ortidus, I22--123, 
340 

U.S. publications, 121, 337 
Morit Scholars' plans, 52. 37., 214 
as probable major t)f tollugu-bound se- 
niors, 3U32, 200 
tcaciier siiortages, 73 

undurKraduate onrollmont in, 10, 49-52, 213 
Engineering technology, undergraduate en- 
rollment in, i9n, 50. 213 
Engineers. Stv ubo Scientists; Scientists and 
engineers. 

academic doctoral employment of, 58-59, 

232-234 
defined, 66;/ 

doctoral, employment of, 68-69, 119. 244- 
246, 326 

employment distribution, 6, 64-65, 235-238 

projected jobs in, 77, 235-238 

stock and flow of, 77-81, 256 
England. See United Kingdom. 
Enrollments 

graduate, 10-11, 32-54, 215-221 

undergraduate, 10, 48-49, 212-213 
Environmental sciences 

academic doctoral employment. 58-39 

academic research funds for, 13, 110-111, 
307-309 

academic research in, 99, 289 

academic S/E researchers in, 115-116, 317- 
322 

capital expenditures on at universities. 110- 

111, 311-312 
doctoral S'E employment, 68-69, 119, 244- 

246, 326 

equipment expenditures on at universities, 

112-113, 313-315 
foreign postdoctorates in, 54, 222 
freshman plans, 9, 51 --32 
graduate S/E enrollments, 32-54, 216-221 
S/E employment rates, 71-72, 247-251, 253- 

254 

S/E's employed in, 7, 66-68, 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 

Equipment 
defined. 111 

maintenance and repair of, 112», 113 
price of, 113, 314 

R&D expenditures in. 131-132, 354-355 
R&D spending for, 112-113. 310-315 
supercomputer installations, 113 
total national stock, 113« 
Ethnic comparisons 
academic doctoral S/E's, 116, 117-118, 319- 

320, 323-324 
doctoral recipients, 35-36, 227 
doctoral S/E employment, 68-69, 245-246 
graduate students enrollment, 53-54, 216- 

221 

labor force participation rates, 69, 247-251 

piecollego students 
computer compe .ence of, 29-30 
mathematics proficiency, 24-26, 190-194 
science proficiency, 22-24, 186-189 
S/H course-taking trends, 33-34, 201 

S/E employment, 67-68, 242-243, 245-246 

S/E employment rates, 71-72, 247-251, 253- 
254 



Ethnic comparisons (cont.) 

S'H unemployment rates, 69-71. 247-251 

undergraduate enrollments. 49. 50, 212 
I'JS (I'ducational Testing Service), 25 
European Community (EC) 

human origins, public's knowledge of, 16, 
168-169. 393 

scientific literacy survey, 16 
Evolution, public's knowledge of, 16-17, 168- 
169, 393 

Expenditures for R&D. Scv Research and de- 
velopment, funding for. 
Exports. See Global marketplace. 

Facilities 
cost of, 112, 312 
defined. 111 

U&D spending for, 111-112, 310-312 
Faculty. See Teachers. 
Federal Government 
public attitudes toward science and, 173- 

174, 398 
R&D funding 
academic S/E activities, 12, 109-110, 299 
by budget function, 95, 285-286 
for industrial R&D, 131, 133, 351, 353 
intramural laboratories, 91-92, 275-277 
IR&D programs, 94, 294-285 
obligations, 89-94, 272-284 
Small Business Innovation Research pro- 
grams, 101 
supercomputer installations, 113 
Superconducting Super Collider project, 100 
support of S/E graduate students, 56-58, 
228, 231 

Federal Republic of Germany (FRG). See West 
Germany. 

Federally funded research and development 
centers (FFRDC), 88, 90, 92-93, 109- 
110, 264-265 

Females. See Women. 

Financial services 
[projected jobs in, 75, 238 
S/E's employed in, 63-64, 238 

Finland, precollege science achievement 
scores, 29, 30, 31, 198-199 

Foreign Corrupt Practices Act, 158 

Foreign inventors. See uuder Patents. 

Foreign students. See Students, foreign. 

France 

academic research, SPRU analysis of, 99, 
289 

first university degrees, 5-6, 261 

GNP growth rates, 385 

high-tech products 
exports, 133, 377-378 
home markets for, 150, 151-152, 373-374 
production shares, 150, 371, 373 
royalties and fees for. 157-158, 382 

industrial R&D funding and performance, 
129-130, 349-350 

inflation rates. 159, 385 

national R&D expenditures in. 3-4, 96-97, 
287-289 

patents 

classes favored by inventors from, 136- 
139, 360 

grants to inventors from, 134-136, 356 
interpatent citations, 140-141 
shares granted, 139, 362 
scientific literature 
contributions, 120, 331 



France, scientific literature (cont.) 

international coauthored. 11, 120-121, 335 
U.S. citations to, 122-123, 340 
S/E's employf?d in, 3, 81-83, 257-262 
U.S. direct investment in, 154-'136, 380 
U.S. high tech companies owned bv, 142, 
365 

Funding for R&D. 5 v Research and devel* 
opment, funding for. 

Ccitder comparisons. See i]l$o Women, 
doctoral recipients, 33, 36, 223, 2''.6-227 
doctoral S/E employment. 68, 244 
graduate students enrollment of. 33, 215 
labor force participation rate, 69, 247-251, 

253-254 
precollege students 
computer competence of, 29-30 
math course-taking trends, .33, 202 
math proficiency, 24-26, 190-194 
science proficiency, 22-24, 186-189 
S/E employment, 7,* 67, 240-241, 244 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E unemployment rates, 69-71, 247-251, 
253-254 ' 

undergraduate enrollments, 49, 50, 212 
Geological Survey, U.S., 92 
Germany. See West Gernr.ny. 
Global marketplace 

competitiveness issues. 148-149 

and currency exchange rates, 149«, 150«, 
159, 372 

highlights. 148 

for high-tech products. See Migh-technol- 

ogy products, 
inflation factors. 159, 385 
license fees and royalties, 156-158, 382 
manufactured products, shares of, 150-151, 

371 

overview of, 2, 13-14 

and technology transfer, 154, 156h 

Trade Bill of 1988 and, 158-159 

U.S. balance of trade, 2, 149, 153, 379 

U.S. exports, 14, 152, 375-379 

U.S. foreign investment, 154-156, 380-381 

U.S. imports, 151-152, 374-375 

U.S. sales prospects, 159-160, 386 
GNP. See Gross National Product. 
Goods-producing industries, 6, 6^-65 
Graduate students. See Stud ' . graduate. 
Great Britain. See United Kingdom. 
Gro.ss National Product (GNP) 

export and import deflators, 157;;, 383 

growth rates, 385 

implici: (..rice deflator, S7n, 263, 383 
R&D funding as percentage of, 3-4, 87, 96, 
287-288 

Health, public's knowledg^^ of, 167. 391 
Health and Human Services, Department of 
(HHS) 

R&D support, 91-94, 272-274 

S/H graduate student support, 58, 231 

Heart disease, causes of, 167, 391 

HHS. See Health and Human Services, De- 
partment of. 

High technology. Siv Technology. 

High-technology companies 
foreign investments of, 134-156, 380-381 
license fees and royalties, 156-138, 382 
multinational, foreign affiliates of, 155-156, 
381 
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High-technology companies (cont.) 

products of. Stv High-technology products. 

sniiill business 
ond biotechnology, 14h 
chtiracteristics of,* 141-142 
definition of« 141 
distribution by field, 142, 363 
distribution by sttite, 142, 364 
foreign ownership of, 142, 365 
IPOs cind, 144, 370 
perfornicince of, 142-14;^, 364-368 
venture c«ipittil tind, 144-143, 368-370 

and technology transfer, 154, 136// 
High-technology products. Siv tiho Global 
marketplace; Patents. 

classifications of, 149-150 

"embodied" and "disembodied" technol- 
ogy, 156u 

export controls on, 13S- 139 

global market for, 130-151, 371, 373 

highlights, 148 

home markets for, 15, 131-152, 373-374 
imports of, 151-152, 374-375 
intellectual property rights on, 158, 159 
overview of, 13-14 
reverse engineering of, 156/1 
technologv transfer, 154, 156/r 
U.S. exports of, 14, 152, 375-379 
U.S. market for, 13, 151-152, 374-375 
High Technologv Recruitment Index (HTUI), 
73^74, 255 

Higher education. Siv Education, graduate and 
undergraduate. 

Hispanic Americans. Sccaho Ethnic compar- 
isons. 

doctoral recipients, 56, 227 
doetoral S/E employment, 68-69, 245-246 
precollege students 
computer competence of 29-30 
mathematics proficiency, 24-26, 190-194 
science proficiencv, 22-24, 186-189 
S/E employment, 67--68, 242-243, 245-246 
undergraduate enrollments, 49, .50, 212 
Hong Kong, precollege ^:dence achievement 

scores, 29, 30, 31, 198-199 
HTRI (High Technology Recruitment Index), 
73-74, 255 

Human origins, public's knowledge of, 16- 
17, 168-169, 393 

Human resources. Stv Science and engineer- 
ing, workforce. 

Hungarv, precollege scicMice achievement 
scores, 29, 30, 31, 198-199 

lAEP (International Assessment of Educa- 
tional Progress), 26~'29 

lEA (International Association for the Eval- 
uation of Educational Achievemert), 
27-29 

Imports. Sec Global nuirketplacc. 
Independent research and development 

(IR&D), 94, 130//, 284-285 
Industrial engineering 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E job patterns, t\5-65, 235-238 
S/»: unemployment rales, 70,' 247-251, 253- 
254 

Industrial research and development. Sival^o 
Academic R&D; Research and devel- 
opment. 

funding and performance of, 129-130, 349- 
350 



Industrial research and development (cont.) 
funding for, 12, 88, 95"9(\ 264-265, 286 
l-ederal funding trends, 131, 133, 3S1, 353 
bvindustrv, 15, 131-132,352, 354-3.S5 
bv source of funds, 15, 130-131. 351 
highlights, 128-129 
o\'erview of, 13-^15 
performance patterns, 88, 264-265 
and U.S. competitiveness, 148-149 
hidustry. Siv/i/so Husiness; High-technology, 
small business, 
academic R&I) support, 110, 111, 302-306 
dependence on academic R&l), 124 
DOC-3 classifications of, 149^150 
goods-producing, 6, 64-63, 76, 235-236 
literature from. Sec Literature, 
occupations, 63, 76 

projected S/E demand in, 74-77, 235-238 
S/E and total job growth, 6, 63-63, 235-238 
services-producing, 6, 63-64, 74-75, 237- 
238 

supercomputer instalLtions, 113 
Initial puh'ic offering (IPO), 144, 370 
Instrumentation. Sec Equipment. 
Intellectual property rights, 158, 1.59 
International Assessment of Educational 

Progress (lAEP), 26-29 
International Association for the Evaluation 

of Educational Achievement (lEA), 27- 

29 

International comparisons 

emplovmenl of S/E's, 81-83, 257-262 

first degrees in NS/E, i^, 6, 82, 261 

GNP growth rales, 385 

high-tech products 
exports, 152, 133, 377-378 
home markets for, 1.50, 151-152,373-374 
production shares, 1.50, 371, 373 
royalties and fees for, 157-158, 382 

industrial R&D funding and performance, 
129-no, 349-350 

inflation rates, 159, 385 

national R&D expenditures, 3-4, 96-97, 287- 
289 

patents 

classes favored, 136-139, 358-361 

grants, 134-135, 356 

interpatenl citations, 139-141 

shares, 139, 362 
precollege mathematics 

achievement scores, 8, 27, 195, 197 

lAE^' and lEA assessments, 26-29 
precollege science 

achievement scores, 8, 28, 29, 30, 31, 195, 
197-199 

lAEP and lEA asses.smenls, 26-29 
R&D expenditures, 3-4. 96-97, 287^288 
U.S. direct investment, 154-156, 380 
U.S. high-lech company ownership, 142, 
365 

International markets for technology. Sec 
Global marketplace. 

International standard industrial cLn sifica- 
tion (ISlC) codes, 149 

Inventions, patented. StvPi»tents. 

IPO (initial public offering), 144, 370 

IR&D (independent reseirch and develop- 
ment), 94, 130/i, 284-285 

Ireland 

precollege mathematics achievement scores, 

8, 27, 195, 197 
precollege science achievement scores, 8, 

28, 195 197 
IRT(Item Response Theory) technologx', 22n 



ISIC (international standard industrial clas- 
silication) codes, 149 

Italy 

interpatent citations, 140-14 1 
precollege science achievement scores, 29, 
30, 31, 198-199 
Item Response Theory (IRT) lechnolog) . 22/j 

acadiMuic research, 8PKU tinalvsis of, 99, 
289 

first university degrees, 5-6, 261 

C;N1' growth VcUes, 385 

high-lech products 
exports, 153, 377-378 
home markets for, 1.30, 151-152, 373-374 
production shares, 150, 371, 373 
royalties and fees for, 157-138, 382 
sales and purchase agreements, 158, 383- 
384 

industrial R&D funding and performance, 

129-130, 349-350 
inflation rates, 1.59, 385 
national R&D expenditures in, 3-4, 96-97, 

287-289 
patents 

classes favored bv inventors from, 136- 
138, 358 

grants to inventors from, 134-136, 356 

interpatent citations, 140-141 

shares granted, 139, 362 
precollege science achievement scores, 29, 

.30, 31, 198-199 
scientific literature 

contributions, 120, 331 

international coauthored, 11, 120-121,335 

U.S. citations to, 122-123, 340 
S E's employed in, 5, 81-83, 257-262 
supercomputer installations, 113 
U.S. direct investment in, 1.34-156, 380 
U.S. high tech companies owned by, 142, 
365 

Komh Sec South Korea. 

Labor force in S'E. See Science and engineer- 
ing, workforce. 
Land grant colleges and universities, 99 
Library co.sls for science .serials, 113-114, 316 
License fees and royalties, 15.5-158, 382 
Life sciences 
academic doctoral empkiyment, 38- 39 
academic research funds for, i3, 110-111, 

307-309 
academic research in, 99, 289 
academic S/E researchers in, 115-1 16, 317- 
322 

capital expenditures on at universities, 110- 

111, 311-312 
doctoral S/I- eniplovment, 68-69, 1 19, 244- 

246, 326 

equipment expenditmes on at universities, 

112-113, 313-315 
foreign posldoclorates in, 54, 222 
graduate S/E enrollments, 52-54, 216-221 
projected jof^s in, 77, 233-238 
S/E emplovment rates, 71-72, 247-251, 253- 

254 

S/E job patterns, 63-'65, 235-238 
S/E's employed in, 7, 66-68. 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 
Literature 
bibliometric data for, 119 
coauthorship by sector, 121-122, 338 
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Liti'rature (cont.) 
cross-sector ciwulliDrship, 15, 121, 122, 339 
engineering/technology poper citations, 123, 
344-346 

internntionalcoauthorship, 11, 120-121, 334- 
336 

multiniuthored, 120, 332-333 
overview of, 11 

relative citatuui ratios, 122m, 343 
science serials, costs of, 113-114, 316 
U.S. c»nd world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340, 343 

U.S. cross-sector citations, 123, 344-345 
U.S. publications, by field, 121, 337 

Macroecoftomic scenarios tor 1988-2000, 74m, 
239 

Magazines, for science kmiwledge, 164 
Master's degrees. 5tv Degrees, m.ister's. 
Materials engineeiing 
academic S/C .vjjearchers in, 115-116, 317- 
322 

S/E employment rates, 71-72, 247-251, 253- 
254 

S/E unemployment rates, 70, 247-251, 253- 
254 

Mathematical sciences 
academic doctoral employment, 58-59 
academic research funds for, 13, 110-111, 

307-309 
academic research in, 99, 289 
academic S/E researchers in, 115-116, 317- 

322 

capital expenditures on at universities, 110- 

111, 311-312 
doctoral S/E employment, 68-69, 119, 244- 

246, 326 

equipment expenditures on at universities, 

112-113, 313-31S 
foreign postdoctorates in, 54, 222 
graduate S/E enrollments, 52-54, 216-221 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 

254 

S/E job patterns, 63-65, 235-238 
S/E's employed in, 7, 66-68, 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 
Mathematics 
degrees awarded in, 48, 49, 211-212 
freshman plans, 9, 51-52 
literature in 
cross-sector coauthorship, 15, 121, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122-123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 

U.S. publicatioi; ), 121, 337 
precoilige studies 
achievement scores in, 8, 27, 195, 197 
average achievement tiends, 9, 24-26, 

:i90-194, 196 
calculator and computer use in, 37 
elementary and middle school instruc- 

tinn, 34-36, 202-203 
highlights, 20 

homework assignments, 27, 205 
overview of, 7-9 

secondary schools, course enrollments 

in. 32-34, 201-202 
teachers of, 40, 209 
probability, public's knowledge of, 167, 391 
as probable major of college-bound se- 
niors, 31-32, 200 



Mechanical engineering 
academic research funds for, 13, 110-111, 
307-309 

academic S/E researchers in, 113-116, 317- 
322 

doctoral S/E employment, 68-69, 244-246 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 

S/E job patterns, 63-65, 235-238 
S/E's employed in, 7, 66-68, 240-242, 2S2 
S/E unemployment rates, 70, 247-251, 253- 
254 

Merit Scholars, college majors of, 52, 53, 214 
Mining engineering 

projected jobs in, 76, 236 

S/E employment rates, 71-72, 247-251, 253- 
254 

S/E's employed in, 65, 236 
S/E unemployment rates, 70, 247-251, 253- 
254 

Minorities 

academic doctoral S/E's, 116, 117-118, 319- 

320, 323-324 
academic persistence of, 32, 200 
precollege students, ability level distribu- 
tion, 33, 202 
Morrill Act, 99 

Museums, for science knowledge, 164 

XAEP (National Assessment of Educational 
Progress) reports, 9, 22-26 

National Aeronautics and Space Administra- 
tion (NASA) 
IR&D program, 94, 130«, 284-285 
R&D support, 91-94, 109, 272-274, 277- 
279, 300-301 

National Assessment of Educational Progress 
(NAEP) reports, 9, 22-26 

National Bureau of Standards, 158-159 

National Commission on Excellence in Edu- 
cation, 41 

National Council of Teachers of Mathematics 

(NCTM), 37 
National Institute of Standards and Technol- 
ogy, 158-159 
National Institutes of Health (NIH) 
R&D support, 91-94, 109, 272-274, 277- 

279, 300-301 
S/E graduate student support, 58, 231 
National Oceanographic and Atmospherir 

Administration, 92 
National Research Council (NRC) 
Committee on Indicators of Precollege Sci- 
ence and Mathematics Education, 21 
National Science Board (NSB) 

math attainment recommendations, 26 
National Science Foundation (NSF) 
Intergovernmental Science and Technol- 
ogy Program, 100 
intramural funding, 91n 
R&D support, 91-94, 109, 272-274, 277- 

279, 300-301 
S/E j^raduate student support, 58, 231 
National Science Teachers Association (NSTA), 
37 

Native Americans 

S/E employment, 67-68, 242-243, 245-246 
Natural science and engineering (NS/E). Sec 
also Engineering; Science; Science and 
engineering, 
first degrees awarded in, 5-6, 261 
stock and flow of S/E's in, 77-81, 256 
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